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PART IL

OF GEOLOGY.

INTRODUCTION.

TuE Earth is one of eleven bodies called planets, which
revolve round the sun. Its mean distance from that luminary
is 98,595,000 English miles; its mean diameter is 7,912
miles; and its mean circumference 24,856 miles. It com-
pletes its diurnal revolution in 24 hours; and its annual revo-
lution in 365 days, 5 hours, 48 minutes, and 51 seconds.
One satellite or attendant body, the Moon, 2,180 miles in
diameter, revolves round the earth in 29 days, 12 hours, and
44 minutes, at a mean distance of 475,000 English miles.
The moon, like the earth, exhibits a surface of mountains and
valleys. But it can have no atmosphere, or at least the den-
sity of its atmosphere can only be z5l;5th of that of the earth;
so that it can only support a column of mercury 0:006 inch
in height, which is considerably beyond the highest vacuum
that can be produced in our best constructed air pumps.

The earth is not a perfect sphere but an oblate spheroid, or
sphere flattened at the poles. The amount of the compres-
sion is such, that the equatorial diameter exceeds the polar
diameter or azis by about 25 miles; or the one is to the
other very nearly as 312 to 311.

The centrifugal force arising from the revolution of the
earth round its axis, which obviously tends to dilate the equa-
torial parts, led Newton to infer the oblate or compressed
figure of the earth, before it had been ascertained by actual
measurement. He calculated the ellipticity from theory at

I B



2 INTRODUCTION.

z#oth of the axis, which is almost }d greater than the truth.
A homogeneous fluid body of the mean density of the earth,
and making its diurnal revolution in the same time, would in
fact have the proportions which Newton supposed, and the
ellipticity in that case would be a mazimum.

But if the earth, instead of being homogeneous, increase in.
density as we approach the centre, the compression in that
case is not so great. Mathematicians have shown, that if the
density were to increase so as to be infinitely great at the
centre, the ellipticity in that case would be a minimum, and
would amount only to

From the observatlons made at Schechallian by Dr. Maske-
lyne, it has been shown by Dr. Hutton, that the mean spe-
cific gravity of the earth is not under 4:75. Now, the mean
density of the external surface of the earth (to which alone
we have access) is not so high as 2:75; so that the mean
density is nearly twice as great as that of the surface. Hence
it is obvious that the specific gravity must increase as we
advance from the surface towards the centre. If we suppose
the specific gravity of the centre about 12, and that the spe-
cific gravity increases nearly regularly from the surface to the
centre, we would obtain a mean specific gravity nearly equal
to that of the earth. If this supposition be well founded, the
figure of the earth is a spheroid of equilibrium. The ellipti-
city of such a spheroid would be intermediate between that of
a homogeneous globe and that of a globe having an infinitely
high specific gravity in the centre. Now, as this accords with
fact, we are entitled to infer that the earth approaches very
nearly to a spheroid of equilibrium, if it does not, as is more
probable, coincide with it entirely.

It is evident, that whatever causes gave this oblate figure
to the globe, have acted upon the solid as well as the fluid
parts. The land, in a general point of view, is as much
elevated at the equator as towards the poles. But, since
the equatorial regions are 12 miles farther from the centre
than the parts at the pole, it is obvious, that if the solid
nucleus of the globe were a true sphere, the sea would be
accumulated by the centrifugal force in the equatorial regions,
which would have been completely submerged while the polar
regions would have been left dry and elevated many miles
above the level of the waters. The ocean would have formed
a broad and deep zone round the equator, separating the two
continents encircling the poles.
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The figure of the earth shows that the whole globe was
originally fluid. At the time of its consolidation, it must have
had the same axis that it has at present. Hence those geolo-
gists, who, about the middle of the 18th century, accounted
for the fossil remains of animals and plants belonging to the
torrid zone in Siberia and other frozen regions of the globe,
by supposing that the axis of the earth may have changed
its position, have started an hypothesis inconsistent with
the mathematical constitution of the globe, and therefore
erroneous.

Laplace was of opinion, that the precession of the equi-
noxes and the nutation of the earth’s axis, indicate a gradual
increase of specific gravity from the surface to the centre.
This is the way that the materials would have arranged them-
selves, on the supposition of their having existed in a state of
liquidity. The heaviest would occupy the centre, and the
rest would arrange themselves in the order of their specific
gravity. Now, the only bodies known to us as possessing a
specific gravity equal to 12, or that of the central nucleus, are
certain metallic bodies. Does this circumstance warrant the
conjecture that the central parts of the earth are composed of
metallic bodies, and give probability to the opinion of Bec-
cher, that the veins of metallic ores found near the surface,
are minute offsets from these central proportions ?






CHAP. L.
OF THE TEMPERATURE OF THE EARTH.

THE mean temperature of the air, overland, nearly on a level
with the sea at the equator, is reckoned by Humboldt 81°:5.*
The mean temperature of latitude 45° in Europe is 56°. At
the pole, judging from the observations of Parry, the mean
temperature cannot exceed —13°.+

The mean temperatures of places in Western Europe, differ
very considerably from those on the Eastern side of America

and of Asia. This will appear evident by inspecting the fol-
lowing table :—

* It would appear that the temperature of places in the torrid zone, differs
a little according to situation. The following table of Boussingault, drawn

up partly from his own observations and partly from those of Humboldt
and Captain Hall, shows this :—

Ports. Latitude. *  Mean Temperature.
Cumana, . 10° 27’ N. 81°-5
La Guayra, . 10 37 81 5
Rio Hacha, . 11 40 82 58
Sta Marta, . 11 15 83 48
Barranquilla, . 11 0 82 22
Carthagena, . 10 25 81 ‘5
Panama, . 8 58 80 ‘96
Tumaco, . 1 40 78 98
Esmeraldas, . 0 55 79 52
Guayaquil, . 2 11 S. 78 ‘80
Payta, . . 5 5 8. 80 ‘78

See Ann. de Chim. et de Phys. liii. 285.
Boussingault found, that in the torrid zone, the earth, a foot below the
surface, possessed the mean temperature of the year.

1 The following mean temperatures have been deduced from the observa=
tions of Parry and Franklin :—

Latitude. Mean Temperature,
Melville Island, . 74°%% —1°4 Parry.
Port Bowen, . . 73 } +4 Do.
Igloolik, . . 69 % +7 Do.
Winter Island, . . 66 } +9 % Do.

Fort Enterprize, . 64 3 4154 Franklin,
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Places. Situation. Latitude, Mean

Temperature.
Enontekis and Uleo, | Lapland, 66° to 68° 390
Table Bay, Labrador, 540
Stockholm, Sweden, 60° 41
St. George's Bay, Newfoundland, | 48°
Belgium, Europe, 51°
Boston, Anmerica, 42° 30/ 50
Rome and Florence, | Italy, 43° 59
Raleigh, Carolina, 36°
Pekin, Asis, 39° 54 55 }

In the torrid zone the mean temperature of the surface of

the sea is higher than that of the atmosphere.
Perrings found it  82°:76
Quevedo, . 83 48
Chornea, . 83 66
Rodman, . 83 -84
Humboldt, . 84 -74
Mean, . 83 -7

Or, about two degrees higher than that of the air.*

In the immense valley of the Mississippi to the west of the
Allegany mountains, the mean temperatures are nearly the
same as in the corresponding latitudes on the Atlantic; but
the winters are not so cold nor the summers so hot. The
mean temperatures of the west coast of America appear to
correspond with the mean temperatures of the western parts
of Europe.

The following table, drawn up by Humboldt, exhibits the
mean temperature of winter and summer in places having the
same mean annual temperature ; it shows the great diversity
which exists in this respect in different parts of the earth :—

* At great depths even in the torrid zone the temperature of the water
islow. Thus, Captain Foster found the temperature of the Atlantic near
the equator 80° at the surface, and 44° at the depth of 400 fathoms.
(Webster’s Narrative, Vol. i. p. 27.) Off Cape Horn, on the 2d January,
1829, the temperature of the surface of the sea was 39°, and at the depth
of 900 fathoms 34°. (Ibid. p. 134.)
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63 *

59

54

50

45 *

41

36 -

32
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hlgude Longitude.

29° 30’ 84° 205 W,
32 37 19 63 W.
36 48 49 23 E.
32 30 92 923"W.
40 50 12 023 E.
35 30 86 21 W.
43 30 1to2 E.
38 30 86 51 W.
40 76 21 W.
47 10 3 43 W.
45 80 7 9 E.
40 113 51 E.
41 20 86 31 W.
42 30 73 21 W.
52 30 9 9 W,
53 30 3 9 W.
51 0 9 E.
40 113 51 E.
44 42 78 29 W,
57 439 W,
55 40 10 24 E.
53 5 19 9 E.
47 78 21 W.
62 45 7 9 E.
60 30 15 9 E.
60 22 9 E.
58 30 84 9 E.
50 73 51 W.
62 30 15 54 E.
62 5 20 9 .
53 59 51 W.
65 17 39 E.

71 23 9 E.

Situation.

Florida
Madeira
Africa

Mississippi
Italy

Ohio Basin
France

America West
America East
France
Lombardy
Asia East

America West
America East
Ireland
England
Belgium

Asia East

America West
Scotland
Denmark
Poland

Canada
Norway
Sweden
Finland
Russia

G. of Bothnia

G. of Bothnia’

Labrador
Sweden
Norway

53°6
63 ‘5
59

46 4

39 -2

44 6

34 7
32 54
41

34 7
21 46

311
30 -2
39 2
37 -8
86 5
21 46

a3 -9

36 ‘14
30 74
28 ‘04

14

24 '8
24 -8
21 46
13 °1

68
17 *6
16 *7

32
113
23 9

80°6
72 °28
80 ‘6

7
77

77 9
75 -2

75 2
77
68
73 4
88 4

61 *6
73 4
59 54
62 6
63 5
88 4

61 6
56 ‘48
62 6
66 -2

68
62 6
60 8
63 °5
68

60 ‘8

- 572

59

51 ‘8
53 6
44 7
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The temperature of the southern hemisphere is nearly the
same as that of the northern, from the equator to the latitude
of 40°* Beyond that the mean temperature perhaps does not
differ much from that of the corresponding northern latitude.
But the summers are much colder, while the winters are as
much milder. This is owing to the great preponderance of
sea over land in the southern hemisphere.

The preceding remarks apply only to the temperature of
those parts of the earth that are nearly as low as the surface
of the sea; but as we ascend into the atmosphere the tem-
perature constantly diminishes, so that even in the torrid zone,
at a certain elevation, we come to the region of perpetual
congelation. The cause of this diminution of temperature
is the expansion of the air in proportion to its elevation,
which occasions an increase in its capacity for heat and a
consequent lowering of its temperature. This diminution
is partly counteracted by large masses of earth, which com-
municate heat to the air. Hence in extensive table-lands
the temperature is not quite so low as it would be if the
air were at a distance from the surface of the earth. This
is probably the reason why the temperature in Mexico and
in Peru diminishes according to the observations of Humboldt
only one degree of Fahrenheit for every 495 feet of elevation;
while in this country, according to the observations of Dr.
Hutton of Edinburgh, the diminution amounts to 1° for about
268 feet of elevation. He kept a thermometer on the top of
Arthur’s Seat and another at Leith, near the level of the sea,
for three years. The mean difference between the two was
about 3°, and the height of Arthur’s Seat, above the level of
the sea, is very nearly 803 feet.

How far the temperature of the earth has remained perma-
nent, or whether it has undergone any alteration since the
commencement of history, is a question which cannot easily

_be determined. From the account of the climate near the
Black Sea, given by Ovid in his Tristia, and from various
passages in the ancient Roman writers, it has been inferred
by some that the climate is milder now, at least in Europe,
than it was about 2000 years ago. Others have drawn a

* The mean temperature at Paramatta, in New South Wales, as de-
termined by Sir Thomas Brisbane, is 61°°4. That of the Cape of Good
Hope is 67°. The mean summer temperature is 76°, and the mean
winter temperature 60.}

1 Webster's Narrative of Foster’s Voyage, Vol. i. p. 316.



OF THE EARTH., 9

contrary conclusion from observations, which, however, are
far from conclusive. A fortunate accident has demonstrated
that the climate of Italy has undergone no sensible alteration
during the course of the last two centuries. The Academy
del Cimento, which may be said to have terminated its scien-
tific labours about the year 1667, contrived a thermometer,
which was reduced to Fahrenheit’s scale by Dr. Martine.*
In the year 1829, Signor Libri of Florence found a consider-
able number of these original alcoholic thermometers of the
Academy, and was thus enabled to verify the reductions of
Dr. Martine.t By a fortunate accident some registers of the
weather kept by Raineri, a pupil of Galileo for 16 years, were
discovered. By the discussion of these, with a knowledge of
the true scale, Signor Libri has been able to show that no
sensible change has taken place upon the climate of Florence
between that period and the present, though the contrary had
been suspected.f

M. Arrago has demonstrated that during the last 2000 years
the temperature of the earth cannot have varied so much as
$th of a degree, otherwise the length of the day would have
altered, which is not the case.

When we dig to a certain depth below the surface of the
ground, we come at last to a situation in which if the bulb
of the thermometer be put, it remains unaltered during the
whole year. The heat at this depth is considered as repre-
senting the mean heat of the place at the surface of the ground.
The bottom of the cavern under the Observatory of Paris is
about 90 feet below the surface of the ground. A thermo-
meter placed in it varies only about s;th of a degree during
the whole year from 52°, which is the mean temperature of
Paris.

Lambert, in his Pyrometry, published in 1779, gives a set
of observations made by M. Ott, in a garden near Zurich, in
Switzerland. The observations were made with seven ther-
mometers, the bulbs of which were sunk respectively 0-266
foot, 0-5325 foot, 1:065 foot, 2:13 feet, 3-195 feet, 4-26 feet,
and 6-39 feet under the surface of the ground. The following
table exhibits the result of these observations, which were
continued for four years:—§

* Martine’s Essays, p. 38. 1 Ann. de Chim. et de Phys. xlv. 354,
T Forbes’ Report on Meteorology, p. 209.
§ Ann. de Chim. et de Phys. viii. 214.
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DB"':}::( I'?Etégoof Minimum height. Maximum height, Variation.
Feet.
0-266 |50°72 | 30°92 Feb. 67°1 July. 3618
0-5325 48 7432 ‘36 Feb. 63 -86 July. 31-5
1:065 |48 -92(84 7 Feb. 63 7 July. 29 -0
2:13 |48 -92|86 ‘14 Feb. 60 98 July & Aug.! 24 -84
8:195 |49 -46|87 -04 Feb. 61 -34 August. |24 -3
426 {50 -18 39 <92 Feb. 60 -98 August. 21 -06
639 (50 90|41 -9 Feb.& Mar.59 -86 Aug. & Sep.| 17 46

It is obvious that the mean temperature in these observations
slowly increases as the bulb of the thermometer is sunk farther
under the surface of the earth, and that the annual variation
diminishes so much that at 6-39 feet under the surface it does
not amount to half of what it is at 0:266 foot under the
surface.

A set of similar observations was made in the garden of
Mr. Ferguson of Raith, near Kirkaldy, in Scotland, in North
latitude 56° 10/, during the years 1815, 1816 and 1817.
Four thermometers were employed, the bulbs of which were
respectively 1 foot, 2 feet, 4 feet, and 8 feet below the surface
of the ground. The following table shows the results:—

D;m::‘ :g“;‘h':_ Minimum. | When reached. |Maximum| When reached. ([Variation.

1 foot |45°5 83> | 80th Dec. | * 58° | 13th July. | 25°
2 feet |46 °5 36 4th Feb. | 56 | 24th July.|| 20
4feet |46°5 | 89 | IlthFeb. § 54 | 2d Aug.| 15
8 feet 46 -75| 42 | 16th Feb. | 51} | 12th Sept. 91

The years of observation happened to be colder than usual.
Hence the mean was below that of the atmosphere at Kirkaldy,
which is 47°-7. The variation diminishes as the thermometers
are sunk deeper, and the time of the minimum and maximum
is farther distant from the winter and summer solstices accord-
ing to the depths,

A set of observations on this subject has been lately made
by M. Gerhard in Prussia, between North latitude 50° and
51°1.. He took advantage of the shafts to coal and other
mines in that country, and placed the bulbs of his thermo-
meters at some little distance from these shafts (when possible),

* Leslie, article Climate, in Supplement to Encyclopeedia Britannica,
6th edition. Vol. iii. 179.
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and covered with earth to exclude, as far as could be done,the
action of the air. The following table exhibits the results:*—

Height of do. Depth of

Therm. un- Mean Annual
Names of Places. above the sea
1o feet. de;n-%ere;‘fwe temperature | variation,

Robeshaft, near Tor-

o °.
nowitz, in Dalomate. 1062 34 46°-08 2-25 1
Annashaft, coal mine 914'8 478 [ 4619 |10 125 |2
by Czernitz. .
Coal mine near Biels- | 000,75 293 637 | 28 |3
chowitz.
Catherineshaft, coal . . . .
mine by Ruda. 9309 35'5 47 ‘04 615 |4
Frahlicheranblick,copt | 559. 675 4446 | 2325 |5
per mine.

Gotthillshaft, Léobe-

Simor coul mine. 30267 5815 | 4872 | 619 |6
E:;“E%:§£°"m’ 507 34 47 93 18 7
gff:;’;‘f“ﬁ coal mine, | 5oy 28°2 4728 | o83 |8
ig:i“?{,‘mtf"l mine, 264-97 3078 | 48 31 |12 76 9
}f:;%f:zeg“' SPAXTY | 1414'32 34 45 14 539 |10
}‘I‘;f:f‘g‘ﬁm?f mine, [ gy9.8 2737 | 4791 | 8371 |11

The great difference in the height of the localities in this
table above the sea, prevents us from seeing whether the tem-
perature increases as we descend, as it does in the observa-
tions at Raith. The great inequality of the annual variation,
from 0-83° to 12°:6, shows that the thermometers were not
completely excluded from the action of the air, as they were
at Raith; had they been so the variation at the depth of 67-5
feet would have been almost nothing, The variation of the
thermometer (No. 8,) at 28-2 feet below the surface was only
0-83°, while that of No. 9 at 30-78 feet was 12°:6. The

* Poggendorf’s Annalen, xxii. 497.
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former must have been much more completely screened from
the action of the air than the latter.

It is obvious from the preceding observations that at a cer-
tain depth below the surface, which does not seem much to
exceed thirty feet, the thermometer remains unaltered during
the whole year, and exhibits the mean temperature of the air
at the surface of the ground in that locality. Hence the mean
temperature of a place may be determined by that of springs
flowing from a certain depth (not less than thirty feet) under
ground. The wells at New York vary from 82 to 40 feet in
depth, and, according to Dr. Nooth, the mean annual varia-
tion of their temperature is 2°, namely, from 54° to 56°;*
this would make the mean temperature of New York 55°.
Dr. J. Hunter informs us that the temperature of the wells at
Brighton vary from 50° to 52°;t this would make the mean
temperature of the air in that part of England 51°. Now, the
mineral spring at Tunbridge wells, at no great distance from
Brighton, is always of the temperature of 50°, at least I have
observed it at that temperature both in winter and in summer.
The great Brennerei spring at Upsala has an annual variation
of 0-34°, and its mean temperature is 44°:07, which is the tem-
perature of the air in that part of Sweden.t The temperature
of a spring at Mehedi on the river Dal in N. lat. 60°} is con-
stant at 42°:26,§ which must be the mean temperature of the
place. That of a spring at Medelsped in N. lat. 62°5 is
89°2, indicating the mean temperature of that place.|| At
Umeo in N. lat. 64° the constant temperature of a spring was
37°-22.9

The following table exhibits the mean temperature at
various heights in the Carpathian mountains, determined by
Wahlenberg** from the heat of springs:—

Height in feet above Mean tem.-
the sea. perature.

1781 . . . . 45~23
3617 . . . . 40-19
Thus it appears that at a certain depth below the surface
of the earth a thermometer indicates the mean temperature
of the air on the surface. It would seem that this depth is
not much more than 30 feet, and probably no great increase
of temperature is observed at the depth of 60 feet, or even a
little more. But when we penetrate to a greater depth below
* As quoted by Hunter ; Phil. Trans. 1788, p. 53. + Ibid.

t Annals of Philosophy, iv. 23. ¢§ Ibid. p. 102. || Ibid. p. 105.
q Ibid. p. 107. ** Ibid. vol. ix. p. 140.
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the surface the temperature becomes higher than the mean of
the place, and the elevation of the thermometer increases as
the depth augments. This remarkable rise has been observed
in all mines in which observations have been made.

Mines are generally situated in veins which usually dip
down in one direction while they rise to the surface in another.
In following such a vein the mine necessarily gets deeper
and deeper. Mines 1000 feet below the surface are not un-
common; indeed, several of the Cornish mines are sunk to a
depth of not less than 1500 feet. In such mines a constant
rise of temperature is observed as we descend. Thus, at the
bottom of Dalcoath mine, near Redruth, at a depth of 238
fathoms, the constant temperature is 84°, while the mean tem-
perature of that part of Cornwall does not exceed 51°. A
similar elevation of temperature has been observed by Mr.
Fox in many other Cornish mines. Mr. Bald has made a
similar observation with respect to the coal mines at New-
castle, most of which exceed 100 fathoms in depth. We
are informed by Daubuisson that the same rule holds good in
the mines of Freyberg in Saxony and of Brittany in France.
Humboldt found the mines of South America in precisely
the same predicament., Cordier made similar observations
respecting the coal mines in the south of France, and Gerhard
of those in Prussia.

I. The following tables exhibit the observations made on
the Cornish mines by Mr. R. W. Fox:—* :

1. Huel Abraham— December, 1815.

Depth in Feet, Temp. of Air and Water.
0 . . . . 50°
16 . . . . 52
121 . . . . 57

239 ) |
269 .. .. 62
298 . . . . 63
361 . . . . 68

479 . . . . 64
Air, 66
590 : * § Water, 64

Air, 68
667 . . {Water, 66
* Ann. de Chim. et de Phys. xiii. 200.
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Depth in Feet. Temp. of Alr and Water.
744} ' : { %J;;er, Zig
760 Water, 734
961 * : ?Vi;;:er, ;3

1079 ‘ * eé:ter, ;:
141 § Woer, 74
1200, Water, 78

Here the temperature (with some remarkable irregularities)
augments by a descent of 1200 feet 28°, which is 1° for every
43 feet.

2. United Mines— May, 1819.

Depth in Feet. Temperature.
0 . . Air, 581

272F . . Air, 56

892 . . Air, 70

810 . . Air, 70

961 . . Air, 68

Air, 73

9903 { Water, 74

Here in a depth of 990} feet the temperature augmented
15°}, or 1° for every 64 feet of depth. The anomalies are
striking. The temperature at 272} feet deep is less by 2°
than at the surface; while in the next 120 feet it augments
by 12°. In the next 418 feet there is only an augmentation
of 2°, and in the next 150 feet there is a diminution of 2°;
the temperature at 392 feet being 2° higher than at 961 feet.

3. Dolcoath Mine— October, 1815.
Depth in Feet. ’ Temper. of Air.
62°

20 . . . 62
951 . . . 70
1020 . . . 71
1079 . . . 71:5
1171 . . . 74
1230 . . . 74
Air, 80
1381 Water, 82
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Here in a depth of 1381 feet the temperature increases
18°, or 1° for every 77 of descent. The same anomalies are
observable as in the last mine. For the first 420 feet there
is only an increase of temperature amounting to half a degree ;
while for the next 531 feet there is an increase of 9°}.

4. Tincroft Mine— May, 1819.

Depth in Feet. Temperature of Air.
167} ... B
3311 .. . 52
4391 - . . . 54
553} . . . 56
659} . 62

Air, 62
7673 ' Water, 59

Here a descent of 600 feet occasioned an augmentation of
9° of temperature, or 1° for every 66§ feet. The same kind
of anomalies are perceptible. But this mine had been
recently overflowed with water.

5. Cook’s Kitchen— May, 1819.

Depth in Feet. Temperature of Air,

1674 .. . 50
2981 . . . b5

420 ... . 57
5531 Y
6391 .. . 62

767y ., . . 68}
882l . . . 64

1020 . . . 69
Air, 69

3 9
1213 Water, 68

Here a depth of 954 feet occasioned an augmentation of
the temperature amounting to 19°, or 1° for every 50 feet of
descent, Similar irregularities occur here as in the other
Cornish mines. This mine also had been recently inundated.

II. Mr. Bald made a similar set of observations on various
coal mines in the north of England. The following tables
exhibit the results which he obtained :*—

* Edin. Phil. Jour. i. 134.
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1. Whitehaven Coal Mine, Cumberland.
Temperature.
Air at the surface, . . . 55°
A spring at the surface, . .49
Water at the depth of 480 feet, . 60
Air at same depth, . . . 63
Air at depth of 600 feet, . . 66
Here at a depth of 480 feet the temperature augments
11° or 1° for 48 feet of descent.

2. Workington Coal Mine, Cumberland.

Air at surface, . . . . 56°
Spring at surface, . . 48
Water at depth of 180 feet, . 50
Ditto at 504 feet depth, . . 60
Here the augmentation of temperature in a descent of
504 feet is 12°, or 1° for 42 feet.

3. Teen Colliery, Durham.

Air at pit bottom 444 feet deep in a
country little elevated above the sea, 68°
Water at same depth, . . 61
Water at surface, . . . 49
Here the depth of 444 feet produced an increase of tem-
perature amounting to 12°, or 1° for every 87 feet of descent.

4. Percy Main Colliery, Northumberland.

Air at surface, . 42°
Water about 900 feet below the bed of
the sea, under the Tyne, . . 68
Air at same depth, . . . . 70
Water at surface, . . . 49
Here a depth of 900 feet occasloned an augmentation of
temperature of 19° or 1° per every 47 feet of descent.

5. Jarrow Colliery, Durham.
Air at surface, . . 49°}
‘Water 882 feet below the surface, 68
Air at same depth, . . . 70
Water at surface, . . . 49
Here the elevation of temperature for a descent of 882 feet
was 19°, or 1° for every 46 feet.



OF TIIE EARTH. 17

6. Killingworth Colliery, Northumberland.
sTemperature.
Air at surface, . . . 48°
Air at'pit bottom, 790 feet deep, . . 51
Air at depth of 900 feet, after having traversed
1} mile from the bottom to the downcast pit, 70

Water at depth of 1200 feet, . . . 74
Air at same depth, B
Water at surface, . . . 49

Here the elevation of temperature for a descent of 1200 feet
is 25°, or 1° for every 48 feet. 'This is the deepest coal mine
in Great Britain.

7. Princes-end Pit, Tipton, Staffordshire.
Water at bottom of engine, pit above 400 feet deep, 47°}
Air in the mine, . . . . . . 60

8. A very satisfactory set of experiments was made on this
subject at Sunderland, by Mr. John Phillips, in the month of
November, 1834. Mr. Pemberton was engaged in sinking a
pit at Monk-Wearmouth to reach the coal beds that lie under
the magnesian limestone. It had been sunk to the depth of
1500 feet, and had passed through a bed of coal six feet thick.
No attempt had been made to work this coal. The pit had
been tubbed in various parts to stop tic water, which never-
theless drops, but not in great quantity, down the sides. This
water fills several yards below the coal bed in which the
observations were made, to the bottom of the pit, which is to
be carried considerably deeper to a lower bed of coal. The
temperature of the air at the surface was 49°; that of the coal
bed at the depth of 250 fathoms varying from 70°1 to 72°:6.*

III. M. Humboldt, while in America, made some observa-
tions on the temperatures of mines in Mexico and Peru, the
most important of which are exhibited in the following tables :+

1. Mines of Mexico.
Guanaxuato, lat. 21° 0’ 15”; height of the table-land above
the sea, 7,034 feet ; mean temperature of the air, 61°. The
mine of Valenciana is so hot that in the deepest parts the

* Phil. Mag. (third series), v. 446.
1 Aun, de Chim. ct de Phys. xiii. 207.
11, C
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miners are constantly exposed to a temperature of 91°}. In
the month of September the external air was 66°5.

Between Despacho del tiro nueyo, and Bovedo de San
Pablo, between 124} and 249 feet deep, the temperature is
74°¢ to 81°%.

In the plains of San Bernardo, at the depth of 747 feet,
92°4.

'Ig‘he temperature of the water at that depth, 98°1.

Mine of Royas, not far from that of Valenciana, tempera-
ture of external air, 69°}.

At the depth of 286 feet, 92°%.

In the mines of Villapando, three leagues to the north of
Guanaxuato, on a table-land 8,505 feet high, the temperature
of the external air was 72°}.

At the depth of 199 feet, 85.

There are hot springs.in the neighbourhood issuing from a
basaltic conglomerata. Those of Comagillas have a tempera-
ture of 205°.

Mine of Cabrera, lat. 20° 1(” 4” at a height of 1,512 feet.
The temperature of the air was from 50° to 53°1 (mean tem-
perature of the place nearly 61°). In the gallery of Conde
de Regla, at 74-7 feet in transition porphyry, the temperature
was 70°,

Water at the same depth, 62°3.

2. Peru.

Hualgayac, 6° 43 88” South latitude, is a mine situated in
an isolated mountain 13,429 feet above the level of the sea.

The thermometer stood in the air at 42
In the gallery of the mine, . . 573
Water of the mine, . 52

In the mine del Purgatorio, whlch is exceedingly dry, the
air is 67°}.

IV. The following observations were made by Daubuisson
in some of the Saxon mines during the year 1802:—*

1. Mine of Beschertgluch, 2 leagues north of Ireyberg.
Depth in feet. Temperature of air.
590 . . 5%}
853 . . 59

* Jour. des Mines, xi. 517.
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Here a depth of 263 feet occasioned an elevation of tem-
perature amounting to 68, or 1° for 38} feet.

2. Alte Hoffnung Goltes, near the same place.
Depth in feet. ‘Temperature of air.
23921 . . 48°
5575 . . 55
8853 . . 59
1246, . . 658
Here a descent of 1007 feet occasioned an elevation of 17°4,
or 1° for every 57 feet. The anomalies are of the same kind
as in the Cornish mines. A descent from 239 to 557 feet, or
318 feet occasioned a rise of 7°; while for the next 328 feet
the rise was only 4°; and for the last 361 feet the rise was
6°2, or nearly corresponding with the first 318 feet.

V. To the same observer we are indebted, in 1806, for the
following facts respecting the temperature of some mines in
Bretagne : —*

1. Poullaouen, N. lat. 48° 17' 49". About 853 feet above the
surface of the sea. Mean temperature 52°-7—September,
1806.

Temperature of the external air, 66°.
Depth in feet. Temperature.
52} . . Water, 55°}
128 . . Do. 53}
246 .o Do. 531

462} . . 59
Water, 56 }
492 . . Air, 58

Here a descent from 128 to 492, or 364 feet, occasioned a
rise of 2°§, or 1° for every 157 feet of descent.

2. Huelgoat, lat. 48° 18' 11". 567} feet above the surface of
the sea. Mean temperature 52—5th September, 1806.
Depth in feet. Temperature of water.

49 . . 52
2294 . . 54
262} . . 59
459 . . 62
754, . . 67}

* Jour. des Mines, xxi. 218.
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Here a depth of 754} feet occasioned an elevation of tem-
perature amounting to 15°}, or 1° for every 48 feet.

VI. The following observations on the temperature of cer-
tain coal mines in the south of France, were made by M.
Cordier :—*

1. Carmeauzx, departmemt of Tarn.

Depth in feet. Temperature.
201 .. 55%
3775 . . 552

59666 . . 62 -75

629-75 . . 67

Here a depth of 609 feet occasioned an elevation of 12°, or
1° for every 50 feet of descent.

2. Littry department of Calvados.

Temperature of external air, . . 52
Do. of mine at 32475 feet deep, 61

3. Decises, department of Nievre.

Depth in feet. Temperature.
289 . . 52 5
55, . . 53
351 . . 64
551 . . 70
VIL The following observations were made by M. Ger-
hard in 1829, on the temperatures of the bottoms of a variety
of mines in Prussia, between N. latitude 50° and 51°;. The
observations were continued for more than a year. The table
exhibits the depth of the mine in feet, the mean height of the
thermometer, and the variation observed in that height. The
numbers in the first column refer to the table in page 11,
where the names of the mines are given and the mean height
of the thermometer, at from 27 to 67 feet below the surface.
Most of these mines are at an elevation of from 500 to 3000
feet above the level of the sea, which accounts for the lowness
of the temperatures observed :—+

* Ann. des Mines (2d series), ii. 62.
.+ Poggendorf’s Annalen, xxii. 497.



OF THE EARTH. 21

|
Dept.h of mine Mean height | Variation of
in feet. I of thermom. do,

16454 | 46°85| 0

84293 | 5189 | 225
16937 | 497 0

15464 | 5047 [ 1:-125
894:37 | 4881 | 0°56
47872 | 5675 |.0

400 4966 | 225
4801 5043 | 1-125
230:13 | 50°-58 | 225
87605 | 4759 | 0-28
{ 280-41 | 48-13 | 1-128

— .
QCUWPIO N CON =

53385 | 4986 | O
7864 581 225

[
ot

When we compare this table with that in page 11, we per-
ceive that the temperature, in every case, is higher at the
bottom of the mine than near the top; though the same
anomalies occur as in the observations of preceding geologists,
The last which gives the mean helght of the thermometer at
three different depths in the coal mine near Herzogenrath,
shows an elevation of 10° in a descent of 759 feet, or 1° of
elevation for every 76 feet of deepening.

VIIL The following observations were made by Kupfer,*
in the copper mine of Bagoslowsk, Eastern Russia, in North
latitude 60°, and East longitude 60° 9 20” :—

Depth in feet. . Temperature of water.
183-7 . . 3®
2133 . . 39 -2
3635 . e 4325

Here, a depth of 179-8 feet occasioned an increase of tem-
perature of 5°25, or 1 for every 34 feet of depth.

IX. At Charlieshope, New Jersey, Mr. Griffith observed
the temperature of a spring 250 feet below the surface of the
earth, to be 52°) and that of another 294 feet below the sur-
face, to be 54°.4

X. The following observations by M. Spasky, show the
temperature of the Artesian wells at Vienna, at different
depths :— A
* Poggendorf’s Annalen, xv. 170, 1 Ann, des Mines (2d series), vi. 443
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108 52 25 144 52 -
90 55 6 108 52 -
102 52 -9 189 55 2
114 52 -7 102 54 95
90 52 25 60 54 95
162 54 -5

VlDenql:lhf::t. e welf.we Vm& Tﬂ: 'r:liure
138 53°-15 150 55°+6
150 54 5 90 52 7
240 57 2 166 53 37

78 52 -9 48 54 5
234 56 75 63 54 5
90 52 25 60 54 3
108 52 9 96 55 2
108 52 -9 - 60 54 -3

9

9

The mean temperature of the air at Vienna is 500-45. M.
Spasky has calculated from the preceding observations, joined
with the quantity of water given out by each well, that there
is a mean angmentation of 1° of temperature for every 37:77
Vienna feet of depression below the surface.®

XI. The following observations were made by Erman,
Magnus, and Schmidt, in a shaft which has been sunk in a
limestone rock at Riidersdorf, about twenty miles north-west
from Berlin, to a depth of 880 German feet. The observations
were made chiefly with a thermometer contrived by M. Mag-
nus for the purpose, during the years 1831, 1832, and 1833 :}

Depth in German feet. Temperature.
80 . . 55°4

200 . . 56 -4
225 . . 60 375
280 . . 63 -5
330 . . 68 -725
380 . . 64 -4
430 . . 64 625
480 . . 65 715
530 . . 67 -325
580 . . 68
630 . . 68 45
680 . . 69 -35
736 . . 71 -8
830 . . 72 -5
880 . . 74 -3

* Poggendorf's Annalen, xxxi. 865. 1 Ibid. xxii. 136 ; and xxviii. 233.
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The preceding tables contain all the observations on the
temperature of mines hitherto published, or at least which
have come to my knowledge. With a few insignificant
exceptions which can be easily accounted for, they show that
the temperature rises as we sink deeper into the earth. But
there is a very great difference in the rate of this increase in
different mines. It may be worth while to collect this rate
as deduced from the different mines observed.

1. Huel Abraham . 1° for 43 feet
2. United mines 1 64
3. Dolcoath 1 71
4. Tincroft . 1 66¢
5. Cook’s Kitchen 1 50
6. Whitehaven 1 43
7. Workington 1 42
8, Teen . . . 1 37
9. Percy main 1 47
10. Jarrow . 1 46
11. Killingworth . 1 48
12. Beschertgluch . 1 385
13. Hoffnung Gottes 1 57
14. Poullacuen . . 1 157
15. Huel goat . . 1 48
16. Carmeaux . . 1 50
17. Littry . . . 1 36
18. Decises . . 1 30
19. Herzogenrath . 1 76
20. Bagoslowsk . 1 34
21. Charlieshope . 1 22

The difference is enormous. In the mine of Decises there
is an elevation of 1° for every 80 feet of descent; while in
Poullaouen an elevation of 1° requires a descent of 157 feet,
or more than 5 times as great. If we were to leave out
Poullaouen and Charlieshope as deviating too much from the
rest, and take the mean of all the others, we would obtain
nearly an increase ‘of 1° for every 50 feet of descent.

Can this augmentation of temperature in mines be ac-
counted for by any accidental causes, such as the burning of
candles, the blasting of gunpowder, or the number of work-
men employed in the mine? Dr. Forbes has given us the
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requisite data to determine these points in the mine of Dol-
coath.*

In the year 1819 the number of men employed in that
mine was 800, of whom a third part or 266 were always in
the mine. The candles burnt amounted to 200 lbs. every
day. The gunpowder employed in blasting the rock in which
the mine is situated amounted to 86% lbs. per day.

Now, the quantity of water pumped daily out of Dolcoath
mine was 535,173 gallons, or nearly 4} millions of pounds;
and this water had the temperature of 84° ‘or was 33° higher
than the mean temperature of Redruth, where the mine is
situated: thus the heat carried off daily, in the water
pumped out of the mine, would have heated 824,000 lbs. of
water from the freezing to the boiling point.

From the facts ascertained respecting animal heat we have
reason to conclude that the heat given out daily by 266 men
would be sufficient to raise the temperature of the whole
water from the mine one degree.

200 lbs. of candles, according to the best experiments on
the heat evolved during the burning of tallow would be only
sufficient to raise the temperature of the water of the mine
0-7 of a degree.

The heat from the explosion of 86§ lbs. of gunpowder
would not raise the temperature of the water so much as {;th
of a degree.

Thus it is clear that all the heat from these adventitious
causes does not amount to so much as y';th of the 88 degrees
of heat which the water contains above the mean temperature
of Redruth, which must be very nearly 51°.

The simplest explanation of this curious fact, and the one
which seems at present almost universally adopted, is, that
the temperature of the central parts, of the globe is much
higher than that of the surface; so high indeed as to be in a
state of intense ignition. From this central ignited nucleus,
the temperature gradually diminishes as we approach the
circumference, where it is of course lowest: hence the
obvious reason why the temperature so constantly increases
as the depth of a mine increases. This explanation was
advanced by Buffon and by other geologists many years ago.
It was strenuously supported by Dr. James Hutton in his
Theory of the Earth, first published in the Edinburgh Transac-

* Transactions of the Geological Society of Cornwall, vol. ii.
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tions about the year 1790, and afterwards in a separate form
in 1795. The publication of this theory occasioned a violent
controversy, which at last subsided, and many of the opinions
of Hutton have been generally adopted by modern geologists.

If we admit the truth of this hypothesis, and consider the
mean temperature at the surface to be 56°, since the tempera-
ture augments 12 for every 50 feet it is obvious that the
temperature of the centre of the globe must be almost
418,000°,

This hypothesis would enable us to account in a very
simple way for the hot springs which issue in such abundance
in different parts of the globe. The temperature of a spring
must depend upon the depth from which it rises. Were a
spring to rise from the bottom of Dolcoath mine, which is
1,381 feet deep, to the surface, its temperature would be 84°,
or 33° higher than the mean temperature of the place. Now,
this happens to be the temperature of Buxton hot well in
Derbyshire. We have only to suppose that the water fills a
cavity 1,381 feet below the surface, and that from this cavity
it rises in a natural pipe to the surface, to be able to account
for the temperature.

The temperature of the hottest of the Bath springs is 117°,
while that of the air is 50°; so that the Bath spring is 67°
higher than the mean heat of the place. If we allow an
increase of 1° for every 50 feet of descent, it is obvious that
Bath water must form an accumulation in a cavity situated
8,350 feet below the surface of the earth. This amounts to
558 fathoms, which is much deeper than any mine, at least
in Great Britain.

But though this supposition of a central fire be so simple
and satisfactory that it has been generally adopted, it must
‘not be concealed that there are several circumstances which
rather militate against it.

1. It is sufficiently obvious, and has been already noticed,
that the temperature of a place, ceteris paribus, is regulated
by the latitude. The mean temperature of the equator is
81°5; that of latitude 45°is 56°; that of Stockholm in N.
lat. 60° is 41°; and that of Lapland in N. lat, 67° is 82°. In
the temperate and frigid zones the mean temperature of
summer is much higher than that of winter. This will be
evident. from the following table taken from that given in

page 7:—
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Places. Latitude, Wln::.’?’omp &lm.ue’;‘nemp.
Madeira, . . | 32 87 635 | 7228
Italy, . . . |4050 | 50 77

France, . . | 48 80 446 | 752
France, . . | 47 10 41 68
England, . . | 58 80 878 | 62°6
Scotland, . . | 57 86-14 | 56 -48
Sweden, . . | 60 80 248 | 608
Gulf of Bothnia, . | 62 5 167 | 59
Norway, . . |71 239 | 447

It is obvious from this table that in all these places the
higher the sun is elevated above the horizon, and the longer
it continues above the horizon, the higher is the temperature ;
and that in winter, when his altitude is low, and the days
short, the temperature is much lower. From all this it cannot
be doubted that the temperature is regulated entirely by the
sun. Now, how could this be the case if there existed a central
fire which makes its influence be felt so much as to raise the
temperature 83° at a depth of 200 fathoms under the surface ?
It has been said, indeed, that the heat lost by radiation is just
equal to that transmitted from the centre, so that the surface
cannot be heated by the central fire, but only by the sun. But
whatever effect may be ascribed to radiation, surely it must act
equably on every part of the surface of the earth. But the
poles are 12 miles nearer the centre than the equator is. Now,
if every 50 feet of descent occasion an increase of 1°, 12 miles
should occasion an increase of 1291°; so that allowing the
heat dissipated from the surface by radiation to be equal at
the poles and equator, still there ought to be an increase of
more than 1200° of heat at the pole, derived from the central
fire ; so that the temperature at the pole, instead of —13°,
ought to be enormously high. The low temperature of the
pole, owing to the long absence of the sun, and probably also
the absence of land, seems to me totally irreconcileable with
the existence of a central fire in the globe, or at least with the
notion that this central fire transmits heat to the surface in
such quantity as to affect the thermometer.

2. The observations of Mr. Moyle, which were made during
a series of years in Cornwall, seem to show that the high
temperature of the mines in that county continues only while
they are working.* When these mines are abandoned they

* Annals of Philosophy (second series), iii. 308, 415.
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get filled 'with water, which of course remains stagnant, and
the temperature gradually sinks till it approaches that of the
mean temperature of the place. The Oatfield engine shaft,
at the depth of 182 fathoms, had a temperature of 77° while
the mine was working. Mr. Moyle examined the temperature
at that depth a few months after the mine had been abandoned
and found it reduced to 66°. He tried it again many months
after, and found the temperature reduced to 54°. Thus the
temperature at the bottom of this mine had sunk after it was
abandoned no less than 23°. It is obvious that if the original
high temperature had been derived from the central fire, the
mere abandonment of the mine could not have reduced it.

Mr. Moyle found the temperature in the abandoned mines
of Herland and Huel Alfred, that of the former 54° and of the
latter 56°, and this at all depths. The working of these two
mines being resumed, the water was drawn off, and Mr. Moyle
examined it during the operation to the depth of 100 fathoms
without finding any increase of temperature.

Huel Trenoweth is another example which Mr. Moyle has
brought forward. It is 100 fathoms east of Crenver and Oat-
field mines, on the same load. This mine was discontinued
working for more than 12 months, at least as far as regards the
presence of miners; but the engine was still kept working to
relieve the other two mines. The adit at which the water is
discharged is 32 fathoms from the surface. Here its tempera-
ture was 54° and it gradually increased from this place to the
mouth of the pump, where it was 56°. 15 fathoms deeper the
walls of the shaft were 54°. A gallery at this level, 40 fathoms
east of the shaft, was only 53°. 5 fathoms deeper, or 52 from
the surface, where there is a second cistern of water, the water
was 57°; the walls in the same place were 54°j. At the
bottom, in 66 fathoms, the water that ran through a small
crevice, as well as the walls of the shaft, were still 54°. The
temperature of the air before going down was 68°, after
returning 64°. Here it is obvious that there was no increase
of temperature for 34 fathoms, being precisely the same at
the bottom as at the adit shaft.

The following table exhibits the whole of Mr. Moyle’s
observations.* They show in the clearest point of view that
the elevation of temperature is chiefly confined to mines at
work, and disappears when they are abandoned :—

* Annals of Philosophy (second series), v. 34.
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These facts seem to me to leave no doubt that the increase
of temperature observed in mines as we descend, cannot be
owing to the heat communicated from the central parts of the
earth; for, if it were so derived it could not disappear when
the workmen left it, or when stagnant water was allowed to
accumulate in it. :

If it were merely the air in the mine, or even the surface
of its walls which augmented in temperature, there would be
little difficulty in accounting for the phenomenon. The num-
ber of miners usually present in the mine at one time (often
amounting to 400), together with the heat from the candles
and gunpowder exploded, might easily be supposed to increase
the temperature very considerably, and this temperature would
naturally increase somewhat as the mine deepened, in conse-
quence of the greater density of the air; but we have seen
that these causes are utterly inadequate to account for the
augmented temperature of the vast quantity of water which is
daily pumped out of these mines,

But to whatever cause we are to ascribe this augmented
temperature, the facts above stated are incompatible with the
notion that it is owing to a central fire.

3. That an intense state of ignition exists within the bowels
of the earth, or at least at very considerable depths below the
surface, is evident from the numerous volcanoes, more than
200 of which, in a state of activity, are known to exist on the
globe. If we consider the evident connexion which many of
these volcanoes have with each other, we shall be satisfied that
the igneous energy to which they are owing is of the most
extensive kind. The Andes extend from the island of Terra
del Fuego to the table-land of Mexico, about 77° of latitude,
or more than 5000 miles; or, if we exclude Terra del Fuego
and Patagonia, as the existence of volcanoes in these districts
rests upon uncertain evidence, the volcanic chain of the Andes
extends over a space not less in length than 4700 miles, or
68 of latitude. Over the whole of this long space it is rare to
find a degree of latitude in which there does not exist an active
volcano. The internal fire, of which these craters constitute
the vents, must be enormous in point of magnitude, and must
exist at a very considerable depth below the surface of the
earth, even without reckoning the Andes, which have been
probably originally elevated by the' expansive force of this
internal fire.

A volcanic band, of very great extent, exists also in the
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Indian Archipelago. It begins to the north of the Philippines
in about 20° N. latitude, and extends south to Timor, in about
S. latitude 10°; then proceeds west and north to the extremity
of Sumatra, from East longitude 130° to 95°.

In Europe volcanoes exist in the Grecian islands, in Italy
and Sicily, and in Iceland. Whether these volcanoes have
any connexion with each other at a great depth is uncertain,
no evidence of any such connexion being known. But if
earthquakes and volcances both owe their existence to the
same internal fires, then there is evidence that such an internal
fire must exist at an enormous depth, and that it must extend
over a very large space ; for the earthquake which destroyed
Lisbon in November, 1755, éxtended over a space which was
not less than 4000 miles in length, and as much in breadth.
It was felt in Pennsylvania and New York, at Antigua, in
Madeira, in Barbary, in the North of Scotland, at Hamburg,
and in many other places, though the centre of action seems
to have been situated below the Atlantic, and north-west from
Lisbon. Now, if an extensive volcanic fire exists under Europe,
as is not unlikely from the facts just stated, it is possible that
the temperature of some of the mines specified in the preceding
pages may have been affected by this internal fire, which may
very well be conceived to be nearer the surface of the earth in
one place than in others: hence, perhaps, the reason why in
some places it breaks out into active volcanoes, while in others
it produces only earthquakes. Even if the temperature of
mines should not be admitted to be affected by these internal
volcanic fires, there can be little doubt that the hot springs
which issue so abundantly in many parts of the earth owe their
temperature to this cause.

CHAP. IL
OF THE SURFACE OF THE EARTH.

IT is known to every person that the surface of the globe is
partly dry land and partly water, and that nearly two-thirds of
the whole is covered by the ocean. The proportion of land
upon the north side of the equator is about 13 times as great
as upon the south side. Hence the reason why in high
southern latitudes the summers are colder and the winters
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milder than in the corresponding latitudes in the northern
hemisphere.

The land is usually divided into five great continents ; three
of these exist in the eastern hemisphere, namely, Europe,
Asia and Africa. A fourth, America, constitutes a great belt
crossing the western hemisphere, from 68° North latitude to
56° South latitude, or above 8,500 miles in length. The fifth,
denominated Polynesia, consists of New Holland and the
neighbouring islands. The relative extent of these continents
in square miles, may be stated as follows:—

Square miles.
Europe, with its islands, . 2,243,000
Africa, with Madagascar, . 7,464,000
Asia, . . . . . 11,039,000
America, . . . . 10,000,000
Polynesia, . . . . 2,745,000

33,491,000

If we reckon the ocean at double the extent of the land, the
whole surfuce of the globe will constitute about 100,000,000
square miles.

America constitutes two continents, North and South, the
relative sizes of which are :—

uare miles,
North America, Greenland, &c., 58:803,000
South America, . . . 4,196,000

The dry land consists of kigh country, that is mountains
and hills with elevated valleys between them; and of low
country, or the extensive plains which lie at the foot of the
mountains. The sea has also its plains, mountains, and
valleys. Alpine country sometimes descends to the sea by a
succession of valleys below one another, sometimes by one
large plain. Elevated and extensive plains with opposite
declivities do not terminate in one another, but are almost
always divided by land of a mountainous character.

Single detached mountains are generally volcanic, or at least
composed of #rap rocks, which have exactly the aspect of lava.
At Edinburgh there occur four such mountains, namely,
Arthur’s Seat, Salisbury Craigs, the Castle Hill, and the Cal-
ton. All of these are precipitous to the west, and slope gently
towards the east. They are composed of greenstone, clay-
stone porphyry, traptuff, &c. Near Stirling there are three
exactly similar hills; namely, the Abbey Craig, the Castle
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Hill, and Craigforth, besides some smaller ones of the same
kind in the King’s Park.

Mountains are generally found in elevated bands, consist-
ing either of one central chain with branches running at right
angles, or of several chains or ridges running parallel to each
other. And in both cases frequently accompanied by subor-
dinate or dependent chains of smaller elevation. The Alps,
for example, consist of a great central chain extending in
breadth between fifty and sixty miles. On each side of this
chain there is a valley, and beyond these valleys a lower
chain, which runs on each side parallel to the great central
one. The Grampians exhibit a similar arrangement at least
on the south-east side.

Mountain chains in general have a great length compared
to their breadth. This is well exemplified in the Andes,
which traverse South America from the isthmus of Darien
to the Straits of Magellan, constituting a length of upwards
of 4000 miles, while the breadth in general is under 100
miles,

If we consider the old continent attentively we shall find
that its general form, the declivity of its surface, and the
course of its rivers are determined by a great zone, which
traverses it from one extremity to the other at a mean lati-
tude of 40°. Mount Atlas, which bounds Barbary on the
south, and traverses the north of Africa, between North lati-
tude 80° and 32°, may be considered as part of this great
mountain zone. The different mountain tracts in Spain,
running in the same direction belong to the same zome.
Under the name of the Pyrennees it separates France from
Spain. A little farther east it assumes the name of the Alps.
Mount Hemus connects the Alps with the great Asiatic
chain, which under the names Taurus, Caucasus, Elbourz, is
continued eastwards to the 70th degree of longitude. Hereit
divides into two branches ; one of which, the Himalaya range,
takes a south-easterly direction, and terminates about 500
miles to the north of the gulf of Bengal. The other branch
called the Altai and Yablounoi, passes north-eastwards till it
reaches the Pacific Ocean, in North latitude 55°. The entire
length of this mountain zone, from west to east, is about
8000 miles, and its breadth varies from 500 to 2000 miles.
The Sierras of Spain, the high ridge of Corsica and Sardinia,
the Appenines continued through Italy and Sicily, and the
mountains of Southern Greece, form so many transverse
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branches connecting together the great northern and southern
chains of the band. The Carpathians in Hungary, and the
Erzegebirge in Germany, may be considered as dependent
chains of the Alps.

It is along this great zone that-the highest eminences of the
old continent occur. The Peak of Teneriffe is 11,022 feet
above the level of the sea. Mont Perdu, long reckoned the
highest of the Pyrenees, is 11,172 feet, by the measurement
of M. Reboul; that of the other principal summits of the
Pyrenees, by the measurement of the same gentleman, are as
follows : —

Pic du Midi, 9,560} feet.

Canigou, 8,544

Maladetta, 11,4273 the highest of the Pyrenees.
Posets, . 11,280%

Mount Etna, which constitutes the most magnificent object
in Sicily, is 10,955 feet above the surface of the Mediterranean,
while Vesuvius, near Naples, is only 3,938 feet high., Mont
Blanc, the highest of the Alps, and the loftiest of European
mountains, is 15,665 feet above the level of the sea; and
Mont Rosa, its rival in size and celebrity, is only 125 feet
lower.

The "highest mountain in France, Mount Pelvoux, is the
summit of the mountains of L’Oisans,* in Dauphiné. It is
13,468 feet above the level of the sea, according to the mea-
surement of Durand and Leclerc.* The Dole, constituting
the highest peak of Mount Jura, is 5,577 feet above the level
of the sea. Mount Meyen, in the Velay, is 5,900 feet high.
The following table shows the height of the highest mountains
in Auvergne, as determined by M. Ramond :—¢

Puy de Dome, . 4,846 feet
Petit Puy de Dome, . 4,189
Puy de Pariou, . . 4,012}
Puy de Vache, . . 3,894
Grand Sarcouy, . 3,793

The Carpathian mountains, whlch separate Poland and
Hungary, may be considered as a kind of continuation of
the Alps, though there is a valley interposed between them.
The great Lomnitzerspitze, the highest of these mountains, is
8,464 feet above the level of the sea, which is not much more

* These mountains are composed of granite. An interesting Geological
account of them, by M. Elie de Beaumond, will be found in the Annales
des Mines (third series), v. iii. 1 Jour, des Mines, xxiv. 241.

11, D
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than half the elevation of Mont Blanc. The most westerly of
these mountains is called Fatra. It runs north and south, and
is divided into two by the river Waag. The following are the
heights of its principal peaks, as determined by Wahlenberg :*

Coch, .« « 5,196 English feet.

Krivan, . . 5,648

Klukberg, . 4,442

Czerny-kamen, . 4,583

To the eastern part of the Carpathian mountains the inha-

bitants give the name of Trata (‘hideous), from its singular
and dreary aspect. The following is the height of its principal
peaks, as determined by Wahlenberg —%

Krivan, . 8,034 English feet.
Nod Pavlova, . 5,942
Nochstein, . 4,984
Viszoka, . 8,313
The lake Hmzka, 6,219
Csabi, . 8,313

Gerlsdorfkessel, . 7,780
Great Lomnitzerspitze, 8,464
Hunsdorferspitze, 8,313
Rotheseethurm, 7,673
Hintere Leithen, 6,591
Stirnberg, . . 6,287
The height of Mount Hemus, or the Balkan, which con-
stitutes the chain to the north of European Turkey, is not so
well ascertained, though there are reasons for believing that
it rises, in some places at least, to a height not inferior to that
of the highest of the Carpathians.
Mount Athos, at the extremity of a peninsula in Macedonis,
is one of the highest mountains in Greece. Its height, as
measured by Captain Gauttier, is 6,778 feet. The following
table exhibits the height of different mountains in the Grecian
Archipelago, as determined by the same observer : —¢}
Mount Kerki, isle of Samos, . 4,793 feet.
Mount Jupiter, isle of Naxos, 3,328
Mount Olympus, Meteline, . 3,241
Mount Christo, Stancho, . 2,828
Mount Cochila, Skiros, . . 2,588

St. Elias, Milo, . . 2,559

St. Elias, Paros, . 2,516

* Annals of Philosophy, ix. 141. t Ibid. p. 142.
I Aon, de Chim, et de Phys., xviii. 433.
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The height of Kasibeck in the Caucasus, according to Sir
Robert Ker Porter, is 14,400; that of Elborus, in the same
chain, is 16,414 feet;* while that of Mount Ararat, according
to M. Parrot of Dorfat, who ascended it in 1829, is 17,2661
feet. The limit of perpetual snow on that mountain is at the
height of 12,790 feet. Thus both Ararat and Elborus con-
siderably exceed the height of Mont Blanc.

But this mountain zone reaches by far the greatest eleva-
tion towards its eastern extremity, in the extensive table-land
of Thibet and the Himalaya mountains, which constitute the
northern boundary of Hindostan. The Dologer, the highest
of these mountains, rises to the enormous height of 27,677
feet, or 5} miles above the level of the sea; Javahir, the
second in height, is 25,745 ; and Yamunatri, the third, 25,000
above the sea level.

The Altai chain has been partly examined by Humboldt,
but he has not yet laid the result of his measurements before
the public. Its height above the surrounding country is not
very great, but it stands upon a very elevated base, and the
extreme rigour of the climate shows that the absolute eleva-
tion above the level of the sea must be very considerable.
The height of the little Altai above the level of the sea is,
according to Laxman, 6,988 feet.f

Many very high mountains occur in the Asiatic Archi-
pelago. Thus, in Sumatra we have

Gunong-Dempo, 12,000 feet.

Berapi, . . 13,003
and in the Phillippines, Ternate, 4,093 feet above the level of
the sea.

Besides this central system of mountains there are two
other ranges in the Old Continent upon the north side, and
nearly at right angles to the central chain. These are the
Uralian mountains between Europe and Asia, and long cele-
brated for the numerous mines that are wrought in them by
the Russians, and the Doffrines which separate Sweden from
Norway.

The Uralian mountains extend from about North lati-
tude 54° to 66°, and run north and south not far from East
longitude 60°. They constitute three parallel chains with
valleys between them, the westernmost of which is the most

% As determined by the late Russian Survey, by M. Zenz. See Ann.
de Chim, et de Phys,, xlii. 105. { Ann. de Chim. et de Phys., iii. 309.
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elevated. The highest mountain in that chain is Jeremel,
which rises beyond the limit of perpetual snow, which in that
latitude is about 5,500 feet above the level of the sea.
Taganai, the next highest mountain in that chain, is, by
Kupffer’s measurement, 8,480 feet high. Slatoust, in the
same range, is 1,193 feet, and Nasimskisch 2,216 feet. The
second chain, called Ural, is lower; the height of it when
passed on the way to Slatoust, is 2,059 feet; while Miask is
995-4 feet above the level of the sea. The farthest east chain
is the lowest of all.*

The Doffrines extend in length at least 1000 miles.
Indeed, if we were to consider the Grampians in Scotland,
and the Irish mountains as a continuation of the Doffrines,
their length would exceed 2,000 miles. The highest of
these mountains is Sneehaetta, which, by the measurement
of Esmark, is 8,120 feet above the level of the sea. The
summit of this mountain was considered as inaccessible till it
was reached by Esmark, and his journey is still celebrated in
Norway as a most wonderful and dangerous exploit. Syllf-
jells, in latitude 63°, which Hisinger measured, is 5,819 feet
above the level of the sea. Tronfjels, the next in elevation,
is 5,611 feet. The snow line at the latitude of these moun-
tains is 5,275 feet above the level of the sea, yet Hisinger
found no snow upon the top of either of them in the
month of August; this he ascribes to their pointed form,
which prevents the snow from lying. It is to this form pro-
bably that the want of glaciers in these mountains is owing.

Beerenberg, in the isle of Mayen, near Greenland, is, by
Scoreby’s measurement, 6,840 feet above the level of the sea.
Itappears from his observations that the mountain is volcanic.
The following table exhibits the heights of some of the prin-
cipal mountains of Iceland :—

' English feet.
Hecla, . . . 5,110¢
Eyafiall, . . 5,679+
Oeriisa Jockal, . 5,927¢

The mountains in Scotland are less elevated than those of
Norway. The Grampian mountains rise low a few miles to
the south of Aberdeen, and proceeding in a south-west direc-
tion terminate in the table-land constituting the Mull of Kin-

* Kupffer, Poggendorf’s Annalen, xvii. 497.
} As measured by M. M. Ohlsen and Vetlesen.
T As measured by M. Paulson. See Poggendorf’s Annalen, x. 19.
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tyre. By far the highest tract of mountainous country in
Scotland is that part of the Grampians called Brae Mar, at
the west end of Aberdeenshire, whence the river Dee takes
itsrise. 'The highest mountain of that district is Beni Macdui,
which, by the measurement of Dr. Skene Keith, is 4,300 feet;
but by the measurement of the gentlemen who conducted the
Trigonometrical Survey of Great Britain, 4,400 feet above
the level of the sea. There are seven or eight mountains
within a short distance of Beni Macdui not much inferior to
it in height. Bennevis, in Inverness-shire, near the western
extremity of the Caledonian canal, has an elevation of 4,370
feet, and has usually passed for the highest mountain in
Great Britain. :

Ben Lawers, in Perthshire, rising from the north side of
Loch Tay, and the summit of which is almost a ridge, is 4,051
feet above the level of the sea. Benlomond, though so con-
spicuous from its situation at the western extremity of the flat
district constituting the valley of the Forth, is only 3,262 feet
high. The highest mountain in the south of Scotland is
Hartfell, near Moffat, which, according to Dr. Walker’s
measurement, is 3,304 feet above the level of the sea. Hel-
vellyn, in Cumberland, is about the same height. The
highest mountain in England is Crossfell, in Cumberland,
which is 3,890 feet above the level of the sea. Its eastern
acclivity is so gentle that you may easily ride to its summit,
but its western side, overlooking the Vale of Westmoreland,
is very steep. Snowden, in Caernarvonshire, the highest
mountain in Wales, is 8,568 feet high. Cader Idris, in Meri-
onethshire, is only 18 feet lower.

Upon the north side of the great central chain, which may
be considered as the spine of the ancient continent, there is
an enormous plain, extending, with but little interruption,
from the ‘Atlantic to the Pacific Ocean. It occupies the space
between the fiftieth and seventieth degrees of North latitude,
having an average breadth of about 1,400 and a length of
about 6000 miles. It embraces the north of France, England
Holland and Belgium; the north of Germany, Denmark,
Sweden and Russia. :

On the south side, if we consider the Atlas range as con-
nected with the great central chain, we have an immense
zone of sandy deserts, 900 miles broad and 4,500 miles long,
extending between the parallels of 18° and 31° north, and
between the west coast of Africa and the mouth of the Per-
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sian Gulf, including Northern Africa, Arabia, Persia and the
country to the north-west of Hindostan. This tract contains
many mountains and some fertile valleys, but is characterized
by vast desert plains, formed of very light moveable sands
which assume the form of waves—by burning and pestilential
winds—by an extraordinary aridity and want of rivers, and
by an abundant formation of salt, sometimes deposited like a
crust on the surface, sometimes mixed with the inferior soil.

The city of Gondar, in Abyssinia, in North latitude about
11°, and to the south of this sandy zone, is 8,440 feet above
the level of the sea.

The heights of the mountains in the vicinity of the Cape of
Good Hope, are as follows :—

Table mountain, . . 3,600 feet.
Devil’s mount, . . 3,360
Lion’s head, . . . 2,200
Lion’s rump, . . . 1,100*

The new world forms two great continents united by a
neck of high land. South America consists of one vast
expanse of surface of small elevation, everywhere protected
on the west by the great ramparts of the Andes. These
mountains which run from south to north, at the distance of
from 50 to 150 miles from the sea, constitute from 14° to 20°
South latitude, two parallel chains divided by an elevated val-
ley. Mr. Pentland in his geological tour in South America,
measured some of the highest peaks of the Andes. The fol-
lowing are some of the most remarkable of these :—+

1. In the Oriental Range.
Nevado de Sorata, . . 25,250 English feet.
This is the highest peak probably of the Andes, and little
inferior to Javahir, which is 25,745.
Nevado de Illimani, . 24,000 English feet.
Cerro de Potosi, . . 16,037

2. In the Western Range.
Tacora, or Chipicani, . 18,808
Pichu-Pichu, . . 18,603
Volcano of Arequipa, . 18,373
Inchocajo, . . . 17,192

* Webster’s Narrative, vol. i. p. 298.
1 See Ann. de Chim. et de Phys. xlii. 435.
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8. Passages of the two Ranges.
Altos de los Huessos, . 13,573 English feet.
Tolapalca, . . . 14,075
Gualillas, . . . 14,830

Paquani, . . . 15,227
Chullunguani, . . 15,610
Altos de Toledo, . . 15,692
4. Cities in Peru and Bolivia.
Lima, . . . . 512
Arequipa, . . . 7,799
Cochabamba, . . . 8,448
Chuquisacaor la Plata, . 9,331
Tupisa, . . . 10,003

La Paz, . . . 12,195
Oruro, . . . . 12,441

Puno, . . . . 12,832
Chucuito, . . . 13,025
Potosi, . . 18,668

The height of Chimborazo, erroneously considered the
highest of the Andes, is by the old measurements 21,440 feet
above the level of the sea.

The highest mountain in Hermit island at Cape Horn, is
2,156 feet above the level of the sea.*

South Shetland appears to be volcanic. The highest
mountains observed in it are in Trinity land, between South
latitude 63° and 64°. They are between 6000 and 7000 feet
above the level of the sea.t

There are three transition ridges proceeding eastward, and
spreading out into a range of table-land as they approach the
eastern coast. The northernmost of these is in Caraccas, at
the latitude of 8° or 9°-north. The second divides Guiana
from the basin of the Amazons. The third proceeds from the
Cordilleras, in South latitude 18°, and is the one which chiefly
spreads out into a table-land. 'The low region of this conti-
nent is divided into three great plains, which form the basins
of the three principal rivers, the Orinoco, the Amazons, and
the Plata. In the basin of the Orinoco, the eye is fatigued
by the unvaried aspect of a boundless level, uniform as the
surface of the ocean; without a plant or any other object,
much above a foot in height, to break its monotony. Except

# Webster's Narrative, vol. i. p. 186. + Tbid. p. 185.
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on the borders of the rivers, these plains are destitute of trees.
After the annual rains they are clothed with a luxuriant her-
bage, which disappears during the dry season. The Pampas
of La Plata, which extend from 18° to 40° South latitude, are
plains of the same description.

But the zone which divides the open plains and forms the
basin of the Amazons, extending from 6° North to 18° South
latitude, is one vast and continued forest. This middle region
is the highest; but so low are all the three, that if the sea
were to rise 50 fathoms at the mouth of the Oronoco and
Plata, and 200 fathoms at the mouth of the Amazons, it would
wash the foot of the Andes and submerge more than half of
South America. The Llanas and Pampas are steppes, like
those of Southern Russia. There are no real deserts in South
America, except a narrow tract of rock and quicksands on the
coast of Peru, between Coquimbo and Lima, on which no
rain ever falls,

The Cordilleras do not traverse the isthmus of Darien.
That isthmus, as we learn from the description of Mr. Lloyd,
is hilly, the mountains generally running from north-east to
south-west near Panama, and in other parts bearing a relation
to, though not always parallel to, the line of coast. Their
altitude was determined by Captain Foster, who found the
highest of them to be rather under 2000 feet.*

The North American continent, like the South, is distin-
guished by one great chain of mountains, which traverse it
from south to north nearly through its whole extent, leaving
a large open level region to the east, and presenting a steeper
and narrower declivity to the west. Mexico constitutes a
high table-land from 7000 to 8000 feet above the level of the
sea, and its mountains, which are chiefly volcanic, rise, some of
them, to the height of 17,720 feet, or 3} miles above the level
of the sea. This is the case with Pocatepetle, the highest of
the Mexican mountains. The chain of the Rocky mountains
ascends considerably above the level of perpetual snow. In
latitude 46°, it seems to have an elevation of about 9000 feet.
The highest mountain in that chain and the most elevated in
North America, is Mount Elias, situated near the Pacific
Ocean, in North latitude 60°. It is 18,090 feet above the
level of the sea.

From the centre of Avatcha Bay in Behring’s Straits,

* Webster’s Narrative, ii. 148.
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(which divide Asia from America) five immense mountains
are visible which rise insulated and steep above some lower
eminences. Korazka, one of these mountains, is 11,468 feet
above the level of the sea. It constantly emits columns of
smoke from the northern side. Avatcharkaja, another of
them, is an active volcano. Kluschefskaja, or Kamschatskaja,
which is also a volcano, is 16,542 feet above the level of the
sea.*

The Sandwich islands may be considered as a part of North
Anmerica, at least they are much nearer that continent than
the coast of Asia. They are nearly in the latitude of the
tropic of Cancer, and about 15 degrees, or 955 miles west
from the coast of California. They consist of a cluster of
about a dozen of islands, some of which, particularly Owhyee,
the largest of them, contain a number of very high mountains,
all obviously volcanic. Merinoroa, the most elevated of these,
is, according to Kotzebue’s measurement, 15,874 feet above
the level of the sea. Merinokoak, in the same island, rises
to an elevation of 13,936 feet. Merinowororoi is 10,788 feet
high; while the highest peak in Mowee, another of these
islands, has an elevation of 10,683 feet.

These islands form a striking contrast with the numerous
groups situated nearly south from the Sandwich islands and
near the tropic of Capricorn, most of which seem to be nothing
else than coral reefs, which at a comparatively recent period
have emerged above the surface of the sea.

St. Helena is a volecanic island, situated nearly half way
between Africa and America, and in about 16° South latitude.
It is almost all high land, its mean height being 1,400 feet.
The following table exhibits the height of its most remarkable
mountains above the level of the sea :—+t

Diana’s peak, . . 2,697 feet.
Cuckold point, . . 2,677
Halley’s mount, . . 2,460
Flagstaff hill, . . 2,272
Sandybay ridge, . . 2,200

- Longwood, . . 1,730
Lot, ... 1,444
Lot’s wife, . . . 1,423
Ladderhill, . . . 600

* Russian Voyage of Discovery, Annual Register, vol. Ixxi. p. 544.
1+ Webster's Narrative, vol. i. p. 344.



42 SURFACE.

Ascension island lies to the north-west of St. Helena in
about 8° South latitude. Green Mount, the highest part of it
is elevated 2,818 feet above the level of the sea.*

In a general point of view, the North American mountains
determine the declivities of the soil and the course of the
rivers, over nearly the whole continent. On the west side of
the chain the slope is rapid, and the rivers, so far as they are
known, flow directly to the Pacific Ocean, passing through a
bigh broken interrupted chain which skirts the coast. On the
east side they bend their course to the nearest sea, over a
surface little inclined, flowing to the north-east and north in
the northern parts, and to the south-east and south in the
southern parts. On looking attentively at the rivers in the
map of North America, it will be perceived that the chain of
lakes above lake Erie, the upper Mississippi, the Missouri, the
Arkansas, and the Red River, all point in one direction—to
the south-east. But in consequence of the Alleganies, a
chain of mountains which run north and south through the
states of the Union, the St. Lawrence and the Mississippi
after running nearly parallel, till within 500 miles of the
coast, are suddenly deflected from their south-east course and
proceed to the sea in directions almost exactly opposite.

The whole region east of the rocky mountains, from the
50th parallel to the Arctic Sea, is generally low, abounds in
lakes, and is scantily wooded as far north as the 60th degree
of latitude, beyond which trees cease to grow. From the
Gulf of Mexico to the mouth of the copper mine river in
latitude 67°, the country may be considered as one great plain,
the summit of which, about the 50th parallel, is not probably
more than 1,000 feet above the level of the sea. According
to Humboldt, the mean height of the great basin of the
Missouri is not more than between 500 and 800 feet.

The interior of the country between Mackenzie’s River and
Behring’s Straits, and between Hudson’s Bay and the coast of
Labrador, is mostly unknown, except by Franklin’s journey,
who confined himself to the seacoast. ' The former is probably
fertile and tolerably wooded, as the whole of the region west
of the rocky mountains has a wild and humid climate. The
discoveries of Parry and Franklin have shown that the northern
limits of the American continent run generally between the
67th and the 68th parallel, and that the space between this

* Webster’s Narrative, vol. i. p. 388.
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and latitude 78° or 80° is occupied by a group of islands, of
which Greenland may be considered as a part.

The following table shows the height of some of the prin-
cipal inhabited places of the globe, above the sea:—*

English feet, English feet.
Micuipam pa (Pern), 11,870 Clermont, . . 1,348
Quito, . . . 9,341 Geneva, . . 1,220
Santa Fe de Bogota, 8,730 Freyberg, . . 1,220
Cuenca (Prov. of Quito), 8,639 Ulm, . . . 1,211
Mexico, . 7,471 Ratisbonne, . . 1,188

Hospital of St. Gothard 6,807 Moscow, . . 984
St. Veran (Marit. Alps), 6,693 Gotha, . . . 985
Village of Breuil (Alps), 6,564 Turin, . . . 755
Village of Heas (Pyrenees) 4,816 Dijon, . . . 712
Gavarnie (Pyrenees), 4,738 Lanark, . . . 660 -
Briangon, . . 4,267 Prague, . . . 587
Barege, . 4,232 Moffat, . . . 582
St. Ildefonso (Spam), 8,789 Cassel, . . . 518
Pontarlier, . . 2,693 Vienna, . . . 512

Madrid, .. 1,971 Lyons, . . . 508
Insprack, . . 1,857 Milan, . . . 420
Maunich, . . 1,765 Bologna, . . 3897
Berne, . . . 1,758 Parma, . . . 305
Lausanne, . . 1,663 Dresden, . 295
Mine master’s house at Paris (Observatory), 239

Leadhills, . . 1,564 Dalkeith, . . 200
Augsburg, . . 1,558 Rome (Capital), . 151
Saltzburg, . . 1,483 Wirtemberg, . . 144
Neufchatel, . . 1,437 Holyroodhouse, . 135
Plombiers, . . 1,381 Berlin, . . . 131

As all the parts of the ocean have a free communication
with each other, and as it is a well known property of water
to find its level when left to the free action of its own gravity,
it is natural to expect that the mean surface of the ocean will
in every part of the world be of the same level. But this
apparently reasonable supposition has not been verified by
observation. It was suspected by the ancients that the level
of the Red Sea was higher than that of the Mediterranean.
‘While the French army, under Bonaparte, was in Egypt, a
committee of engineers, under the direction of M. le Pere,

* Jour. de Mines, xxxviii, 202.
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was appointed to measure the exact height of each, by levelling
across the isthmus of Suez, which separates these two seas
from each other. The result was, that the surface of the
Mediterranean is 26+63 feet lower than the low water surface
of the Red Sea.

In like manner it has been ascertained by Mr. Lloyd, who
levelled across the isthmus of Darien, that the mean height of
the Pacific Ocean at Panama, on the west coast of America,
is 3-52 feet higher than that of the Atlantic at Chagres, on
the east coast.* But, on the other hand, it has been inferred
from the trigonometrical surveys made in France, that the
surfaces of the Mediterranean and Atlantic are almost exactly
on a level.

Ftom the levels of the canals, which have been made from
the west to the east coast of England, or at least from the
Severn to the Thames,t it has been shown that the level of
the Irish Sea and St. George’s Channel, on the west coast of
England, is higher than that of the German Ogean by no less
than 74 feet.; Evenin Scotland it is obvious from the Forth
and Clyde Canal, that the level of the mouth of the Clyde at
Bowling Bay is somewhat higher than the mouth of the Forth
at Grangemouth ; for, from the summit level to Bowling Bay,
on the west side, there are 18 locks, while to the east end of
the Canal the number of locks are 19. This makes the
surface of the water at the mouth of the Clyde about 10 feet
higher than at Grangemouth.

The difference between the level of tbe Black and Caspian
Seas is still more remarkable. It had been suspected that the
surface of the Caspian Sea is about 300 feet lower than that
of the Black Sea. Messrs. Engelhardt and Parrot levelled
the whole space between the two seas no less than three times
successively. The result was that the surface of the Caspian
is 324:72 feet lower than that of the Black Sea, which is
nearly on a level with the Mediterranean. It is obvious from
this that Astracan, and the plains both of Russia and Persia
bordering on the Caspian, are at a considerably lower level
than the ocean.

* Phil. Trans. 1830, p. 59. The summit level of the isthmus of Darien
is 63332 feet above the sea.

+ From the observations of Mr. Lloyd, it appears that the mean level of
the Thames, at the London docks, is 2:0359 feet above the mean level of
the sea. Phil. Trans. 1881, p. 189.

1 Galton, Aunals of Philosophy, ix. 177.
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The Caspian is much less salt than the Mediterranean ;
indeed, it contains only }th of the usual saline contents of sea
water. Engelhardt and Parrot are of opinion that the Caspian
originally stood at as high a level as the ocean, and that its
surface has gradually sunk 324 feet, and thus laid dry a vast
tract of country originally covered with water.

From this very general view of the surface of the terrestrial
portion of the globe, it is obvious that a great proportion of it
consists of level plains, while the mountainous regions, though
considerable in point of extent, are confined to, particular
chains. The level districts of the earth are either covered
with soil or with sand, or with stratified rocks, while the
mountainous regions consist of rocks partly stratified and
partly unstratified. When we dig into the level parts of the
globe, we come always to beds of rock regularly stratified and
deposited one above another, often horizontally, sometimes in
an inclined position, and sometimes standing almost, or quite
vertical. These rocks are sometimes composed of sand agglu-
tinated together ; sometimes of clay ; sometimes of limestone ;
and many of them abound with fossils, consisting chiefly of sea
shells, but sometimes of vegetable impressions, and sometimes
of the bones of amphibious animals, quadrupeds or birds.

From the regular way in which these different beds are laid
upon each other, from the nature of the ingredients of which
they are composed, and from the sea shells with which they
are frequently mixed, it is evident that these strata have been
deposited at the bottom of the sea, and afterwards elevated
either by the subsidence of the ocean or the elevation of its
bed. They must therefore have been washed down from the
mountainous parts of the earth by the action of the rain and
rivers. These mountains must have in the course of ages
been carried into the ocean, and immersed under its surface.
Some notion of the length of time that must have elapsed
before such a transference could be accomplished may be
formed from this, that ever since the commencement of
history, or for a period of at least 3000 years, the surface of
the earth has been pretty much in the same state as at
present. :

For example, St. Michael’s Mount, in Cornwall, is a small
hill about 500 yards south from the dry beach, over against
Merazion. It is about 231 feet high. During low water it
is attached to the main land, so that you can walk to it from
Merazion ; but at high water it is an island being on all
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sides surrounded by the sea. This little island has been
exposed to a very boisterous sea, yet during almost two
thousand " years its size and distance from the land bhas been
very little altered; for Diodorus Siculus, who wrote during
the reign of Augustus, and therefore rather before the com-
mencement of the Christian era, gives an account of it under
the name of lktis (ixr5). He informs us that it was an island
adjoining to Britain ; that during the recess of the tide the
intervening space is left dry, but at full tide, this passage
being overflowed, it becomes an island.* This description
would apply accurately to St. Michael’s Mount at this day.
Had any considerable change happened to it in an interval of
at least 1800 years, surely it would have become either an
island or a peninsula. The description of all the mountains,
and most of the countries of Europe left us by the ancients,
would apply almost exactly to them at the present day. It
is true that in some places the sea has encroached somewhat
upon the land, while in others the land has encroached upon
the sea ; but the alterations, taken as a whole, are insignificant.
Athos, a conspicuous mountain in Macedonia, and running
into the sea, was described with some minuteness by the
ancients, and was represented by them as the highest in
Greece. They even inform us how far its shadow extended
at a particular season of the year, from which a tolerable
inference may be drawn respecting its height. Now, Captain
Gauttier measured it barometrically, and found its elevation
above the sea to be 6,763 feet, a height which rather exceeds
that deduced from the observations of the ancients.

Another remarkable circumstance connected with the strata
of which the external crust of the globe is composed, is, that
no remains of man are ever found fossilized in them. The
lowest beds of all contain no fossils whatever. The next set
of beds contain both animal and vegetable remains: the
animal remains are shells, not one of which is identical with
any shells at present existing in the ocean or in lakes. The
same remark applies to the fossil plants, which, though
numerous, cannot be identified with any vegetable bodies at
present existing. We ascend a considerable way in the series
before we come to amphibious animals ; but the skeletons of
several of these, of enormous size, and differing from any at
present existing, have been met with in these strata. Quad-

* Diodorus, Book v.
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rupeds® and birds never appear till we come to those beds
which are situated above the chalk ; and even in these beds
not a single bone has been discovered which can be identified
with that of any quadruped or bird at present existing.
Higher up still in the series we meet with beds containing
shells partly similar to those at present existing, and partly
consisting of extinct species. The proportion of those recent
fossil shells increases as we advance upwards in the series.
But we do not arrive at beds containing no fossil remains,
but of animals at present existing on the earth or in the sea,
till we come to those beds which are at present forming by
the action of the sea, or rivers, or by the filling up of lakes,
and therefore called alluvial, The remains of man, so far as
is known at present, are confined to these alluvial beds.

From the preceding statement it is evident that a vast
number of years must have elapsed before the earth was
brought into the state in which it is at present. What was
its appearance when it came originally out of the hands of
the Creator we have no data to determine. No doubt its
surface was partly land and partly sea; and at least from the
period when plants and land animals made their appearance

_on it, the surface must have been unequal, and consisted of
mountains and valleys as at present, otherways rain and
rivers, to which the original surface owed its destruction, could
not have existed.

The vegetable remains met with in such abundance in the
coal beds resemble most those plants which at present are
confined to the torrid zone. The same remark applies to the
bones of amphibious animals and quadrupeds which occur in
such abundance in Siberia, North America, and in England.
They constitute pretty frequently extinct species belonging
to genera at present confined to the torrid zone. This cir-
cumstance has led to the opinion that the temperature of the
temperate and frozen zones is at present much lower than it
once was, and that this change of temperature may have been
one of the causes of the extinction of many species of animals
which now no longer exist.

Be that as it may, it is impossible to doubt that both the
animals and vegetables belonging to this globe have under-
gone very considerable changes since the original creation.
Not a single species of the aboriginal animals and vegetables

# In the Stonefieldslate, however, which is a portion of the Oolite forma-
tion, fossil remains of a species of Didelphis have been found.
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any longer exist. The earth may have contained an inde-
finite number both of animals and vegetables, which dis-
appeared in succession during the course of a very long series
of ages. But we can only reason from those animals and
vegetables whose fossil remains still exist.

Now, if we attend to the different strata of which the crust
of the earth is composed, placed as they are above one another,
it is obvious that the lowest of these strata must have been
first formed, and that the order of formation must be the order
of position. Consequently the animal and vegetable fossils
in the lowest beds must be the most ancient inhabitants of the
earth of which we can ever attain any knowledge. When
strata, however distant from each other, contain the same
fossil remains, we must conclude that they were deposited
either simultaneously, or at least while the earth was inhabited
by the same species of animals and vegetables. When the
fossil remains alter in their nature, and present new tribes of
animals and vegetables, we are sure that the temperature or
some other essential circumstance has altered, and that the
strata were deposited at a different period. How great an
interval of time elapsed between the deposition of these and
the former strata we have no means of even conjecturing.
The little alteration which has taken place during the 4000
or 5000 years which have elapsed since the beginning of
history, warrants our concluding that the interval between
two such periods must be very long. Such is the mode by
which we are enabled to form some notion of the relative
antiquity of the different beds constituting the crust of the
earth. Let us now turn our attention to these different beds.

CHAP. IIL
OF FORMATIONS.

WHEN mineralogists first began to study the rocks, they
observed that some of them contained the fossil remains of
animals and vegetables, while others were quite destitute of
any traces of such fossils. This induced Lehman, a German
mineralogist, when he published his work On the Strata of the
Earth, in 1759, to divide rocks into two classes, primary and
secondary. The primary were those which contained no
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animal or vegetable remains ; the secondary, those in which
such remains existed, or at least those which alternated with
strata containing such remains. This division has been
attended to by all subsequent geologists, and may be con-
sidered as a first step towards a classification. of rocks. -

The primary and some of the secondary rocks were studied:
with great care by Saussure, who devoted the greatest part
of his life to an examination and description of the Alps;
and by Pallas, who, after much laborious travelling, drew up
a geological account of the mountainous portion of the Russian
empire.

But it is to Werner that geology is chiefly indebted for
the high rank which it at present holds among the sciences.
He was Professor of Mineralogy in the Mining Academy of
Freyberg, in Saxony, and possessed an influence over the
minds of his students that has seldom been equalled and never
exceeded. He examined the structure of that part of Saxony
where he resided, and determined the relative position of its
different rocks. He then boldly generalized his observations,
and affirmed that the structure of the whole earth was pre-
cisely similar to that portion of Saxony which he had examined.
His pupils, actuated by an enthusiasm which nothing could
damp, set about verifying the opinions of their master.
Every corner of Europe was examined with that particular
object in view. At first they scarcely ventured to differ from
the dogmas of their teacher ; yet knowledge accumulated pro-
digiously, and after the examination of the volcanic regions of
the globe, which the Saxon professor had never had an oppor-
tunity of studying, some of the most fundamental positions of
‘Werner were combated and rejected. :

The regular distribution of the secondary rocks on every
part of the earth’s surface, was still maintained by the pupils
of Werner. These secondary rocks or formations (as Werner
had named them) were distinguished by appropriate names,
derived from the nature of the rocks of which they were con-
sidered as composed ; they were found in every part of Europe
and America, and from the practice of giving the same name
to rocks situated at a great distance from each other, and from
considering them as having been deposited at the same time
on every part of the earth where they occur, much confusion
got into the descriptions, and geology was in danger of revert-
ing again to a state of chaos and confusion ; when Mr. William

1. E
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Smith conceived the happy idea of verifying formations by
the fossils which they contain, and of tracing the same forma-
tions by means of the identity of their fossils to great dis-
tances, and of determining this identity, even when the
stony matter of which they were composed was entirely dif-
ferent.

Mr. Smith was a practical engineer in the neighbourhood
of Bristol. The country round that city has been cut through
in various directions, in consequence of the peculiar position
of its coal beds. This made Mr. Smith well acquainted with
the numerous rocks or formations in that interesting neigh-
bourhood. The rocks round Bristol are full of animal remains,
-consisting chiefly of shells. It struck Mr. Smith as very
remarkable, that every particular formation contained, and was
distinguished by containing, particular species of shells not to
be found in the other formations. He made a collection of
these shells, and found, that by his knowledge of them, he
could trace the particular formations to a great distance from
Bristol. He generalized these observations, and concluded
that every formation may be best distinguished by the petri-
factions which it contains.

To verify this idea, he undertook a survey of England and
the south of Scotland, and after an arduous labour of twenty
years, produced his geological map of England, exhibiting the
mineralogical structure of that kingdom.* It was this map
which laid open the geology of England to the Geological
Society of London, which had been formed a few years before.
They have prosecuted the subject with an enthusiastic zeal
and a liberality and perseverance, which does them infinite
honour. Mr. Greenough, the original founder of the society,
assisted by some of the most eminent of the Fellows, con-
structed a new geological map of England, in which the
scientific names were introduced, and several corrections made
upon the original map of Smith. Not satisfied with this, they
have published a considerable number of volumes of Transac-
tions, filled with original observations of the most valuable
kind, in which they have thrown a new light, not only on the
geology of England, but of every accessible part of the globe.

* This map was published in the year 1815. But Mr. Smith was
acquainted with the structure of a great part of England, and with the
fossils peculiar to each bed, as early as the year 1799, if not earlier ; for,
during that year, he communicated his views on the subject to Mr. Towns-
end and various other geologists.
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The errors of the Wernerian geology have been pointed out
and expunged from the science, and the arrangement of the
secondary rocks has been based upon the fossils which they
contain, and not upon any supposed identity in their consti-
tuents.

The formations constituting the outer crust of the earth, so
far as it has been penetrated, may be arranged under the fol-
lowing divisions; beginning with the uppermost and proceed-
ing regularly in the order of position :—

1. Alluvial beds. 9. New red sandstone.

2. Diluvial. 10. Coal beds.

3. Pliocene. § 11. "Mountain limestone.

4. Miocene. 12. Old red " sandstone and
p. Eocene. greywacke.

6. Chalk. 13. Clay slate and mica slate.
7. Green sand. 14. Gneiss.

8. Oolite. .

Besides these, which, with their subdivisions, constitute
the regular strata in the order of position, there occur other
rocks, which seem to have forced themselves up through these
regular strata, and either spread over them or insinuated
themselves between them. These rocks are distinguished by
the names of granite, trap, and porphyry. Several of these
are peculiar, while others resemble the lavas from volcanoes.
These it will be proper to consider, after having described the
regular beds.

CHAP. IV.

OF ALLUVIAL AND DILUVIAL FORMATIONS.

IN what state the earth came originally from the hands of the
Creator, we have no means of knowing. Even supposing it
to consist entirely of crystallized rocks, still there must have
been part of the surface covered with water and part in the
state of dry land as at present; and this dry land must have
been distinguished by mountains and valleys, otherwise the
economy of nature could not have been similar to what it has
been since it was inhabited by man. We must admit that the
vicissitudes of summer and winter, of rain and sunshine, fol-
lowed each other as they do at this day. These wasting
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causes acted upon the mountains and rocks. The frosts in
winter would loosen fragments of stone, which the rains and
torrents would gradually carry to the low country, breaking
them in their descent into smaller fragments, or to grains of
sand. By this means the valleys and flat country would come
gradually to be covered with soil, which is nothing else than
rock comminuted or reduced to impalpable powder. Upon this
soil vegetables would grow, and by their decay would natu-
rally accumulate a matter fit to be employed as the food of
plants. Animals would next make their appearance, after the
earth became covered with a sufficient crop of plants to sup-
port them. ’ '

Now, this disintegration of rock, which must have com-
menced immediately after the creation of the earth, still cog-
tinues and gives origin to various beds of clay, sand, gravel,
pebbles, &c., which we occasionally meet with. The torrents
which, after rain, run down the steep faces of the moun-
tains, gradually wear deep ruts in them, and of course carry
the fragments of rock removed from these places into the
valley below. These fragments rubbing against each other are
partly converted into powder and partly into rounded pebbles.
The pebbles of course are soon deposited when the declivity
begins to diminish; but the powder being light remains in
suspension so long as the water continues to move rapidly.
These streams, when they reach a lower level, naturally dis-
charge their water into it, and thus form a lake. Here the
water remaining stagnant, will deposit the mud with which it
was impregnated, and make its escape at the farther extremity
of the lake in a state of transparence and purity. If this pro-
cess be allowed to go on long enough, the lake will be gradu-
ally filled up on all sides, except a channel through which the
united streams will make their way in the form of a river.
What constituted originally the bottom of the lake, will now
be alluvial soil of greater or less thickness, and composed of
an indefinite number of strata. These strata may be clay or
sand, or loam, or gravel, &c., according to circumstances; or
they may consist of alternations of these in every conceivable
proportion. If the lake contained shell-fish, it is obvious that
the remains of these shells will be mixed with the beds, If
these shells be very numerous, they may convert the whole
of the deposits into what in this country is usually called
marl, and which is employed as a manure. Such is the case
with the beds at the bottom of the lake Bakie in Forfarshire,
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described by Mr. Lyell.* Similar deposits of marl have been
observed in different parts of Berwickshire.

In like manner it may be inferred from the appearances of
the valleys of Sanquhar and Closeburn, in Dumfries-shire,
that they were formerly lakes, which have been drained by
the Nith forcing a passage at their lowest extremity, and
thus carrying all their waters into the sea. Nor ‘is it un-
likely that the valley of the Annan, in the same county, was
also at one time an extensive inland lake.+ Humboldt is of
opinion that the vast valley of the Mississippi and Missouri
was at a remote period covered with water, but was drained
by these rivers forcing a passage and carrying off the surface
water into the Gulf of Mexico.

The Falls of Niagara furnish another remarkable example
of a lake in the progress of draining. That river flows from
Lake Erie to Lake Ontario; the former. lake being 330 feet
above the latter, and the dlstance between them being 32
miles. The river before reaching the falls is propelled with
great rapidity, being a mile broad, about 25 feet deep, and
having a descent of 50 feet in half a mile. It is precipitated
over a ledge of hard limestone in horizontal strata, below
which is a somewhat greater thickness of soft shale, which
decays and crumbles away more rapidly, so that the limestone
forms an overhanging mass projecting 40 feet or more above
the hollow space below. The disintegration of the shale is
constant, and the limestone falls occasionally in huge masses
with a noise like that of an earthquake. The waters, which
expand at the Falls, are contracted again after their union into
a stream not more than 160 yards broad. The bed of the
river below the falls is strewed over with huge fragments
which have been hurled down into the abyss. By the con-
tinued destruction of the rocks, the Falls have, within the last
‘40 years, receded nearly 50 yards. Through this deep chasm
the Niagara flows for about seven miles; and then the table-
land, which is almost on a level with Lake Erie, suddenly
sinks down at a place called Queenstown, and the river
emerges into a plane which continues to the shores of Lake
Ontario.

There seems good reason for believing that the Falls were
once at Queenstown, and that they have gradually receded

» Geological Trans. (second series), ii. 71.
1 See Jameson’s Mineralogical Description of the County of Dumfries,
p- 22.
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about seven miles, This at the rate of 50 yards in 40 years
must have required a space of almost 10,000 years ; and should
the erosion go on at a similar rate, at least 30,000 years
will elapse before they reach Lake Erie. When that time
comes; Lake Erie, the depth of which does not exceed 12
fathoms, will be suddenly drained, and a tremendous deluge
will be the result.

Another source of alluvial soil is the action of the sea upon
its shores. When the shore is rocky, the continual dashing of the
spray against the face of these rocks, and the corroding effects
of air and moisture cause their constant disintegration. Huge
blocks are loosened, and tumble into the sea below. These
masses are violently dashed against each other, and against the
rocky shore, when the sea is agitated by a tempest ; thus their
corners are rubbed off, and they are converted into rounded
water-worn shingles, which are piled up against the rocky
shore, and thus the sea in such places raises a barrier against
itself. 'This action of the sea is very well seen on the rocky
shore of Scotland from St. Abb’s Head, the southern extremity
of the Firth of Forth to Berwick-upon-Tweed. The rocks
are partly greywacke, and partly greenstone, and basalt, and
porphyry. The fantastical shapes into which they have been
worn, and the immense collection of fragments at their feet,
and within the limits of the sea, are not a little striking. Nor
are the phenomena less striking, though the nature of the
rocks is different from the Redhead, at the northern extremity
of the Firth of Tay to the Bullers of Buchan, at the northera
termination of Aberdeenshire. The village of Mathers, two
miles south of -Johnshaven, was built on an ancient shingle
beach protected by a projecting ledge of limestone rock.
This was quarried for lime to such an extent that the sea
broke through, and in 1795 carried away the whole villnge in
one night, and penetrated 150 yards inland, where it has
maintained its ground ever since, the new village havmg been
built farther inland upon a new shore.*

Even the chalk cliffs at Flamborough Head are perceptibly
yielding to the destroying action of the sea. But the waste
is much more rapid between that promontory and the Spura
Point. This tract consists chiefly of beds of clay, gravel,
sand, and chalk rubble. The irregular mixture of the clay
beds causes many springs to be thrown out, which facilitates

* Lyell's Geology, i. 502. -
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the undermining process. Apprehensions are entertained that
before long the Spurn Point will become an island, and that
the ocean entering into the estuary of the Humber will cause
great devastations. For the devastations committed by the sea
upon the coasts of Norfolk, Suffolk, and Kent, and the south
of England, we refer the reader to Mr. Lyell who has
described them in detail, and in his usual mterestmg man-
ner.*

* Even in the estuary of the Forth, the sea has commltted
great devastations within the memory of many persons living:
About forty years ago there was a road from Leith to New-
haven along the sea sliore, between which and the sea there
was a considerable beach. The whole of this beach, together
with the road, was swept away by the sea in one winter:
Even that part of the beach which lies between the battery
and the sea, though protected by a stone wall raised at a
great expense, has been repeatedly m_]ured

To these inroads of the sea, on various parts of the coast,
we are to ascribe the submarine forests which have been
observed in various places on the coast of England. A sub-
marine forest on the coast of Lincoln was described many
years ago by Correa de Serra.t+ A number of islands ex-
tending a considerable way along the coast were found to
consist almost entirely of roots, trunks, branches, and leaves
of trees and shrubs intermixed with some leaves of aquatlc
plants.

In 1832 Mr. Yates gave an account to the Geological
Society of London .of a submarine forest in Cardigan Bay.
It extends along the coast of Merionethshire and Cardigan-
shire, being divided into two parts by the estuary of the river
Dovey, which separates those counties. It is bounded on the
land side by a sandy beach and a wall of shingles. Beyond
this wall is a tract of bog and marsh formed by sireams of
water which ooze out through the sand and shingles. The
remains of the forest are covered by a bed of peat, and are
distinguished by an abundance of Pholas candida and Teredo
navalis. Among the trees, of which the forest consisted, is
the pinus sylvestris, or Scotch fir. The tradition i is, that this
forest was submerged in the year 520. ‘

Mr. Charles Harris discovered evident traces of a fir wood

* Lyell's Geﬁlogy, i. 306, &c.
+ Phil. Trans., 1799, p. 145.
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beneath the mean level of the sea at Bournmouth, in Hamp-
shire, the formation having been laid open during a low spring
tide. It is situated between the beach and a bar of sand
about 200 yards off, and extends 50 yards along the shore,
. cropping out from beneath the sand and shingle. The forma-
tion consists of a stratum of soft peat, in which are implanted
several large stumps of fir from one to two feet in height, the
roots and bases of which still retain their bark.*

Forests buried under the surface of the ground are met
-with occasionally at a distance from the sea. There is a
remarkable example of this about four miles west from New-
castle-upon-Tyne, near the river. About five years ago a
new road was made in that direction, and a field was dug
through to the depth of about four feet. It was found to
consist of a vast number of trees lying on their sides, and
only a few feet below the surface. Many of the trees were
almost fresh. The moss of Kincardine, about six miles west
from Stirling, consists of a bed of peat from 8 to 12 feet
thick. At the bottom of it are a vast number of trees which
have been cut down, and lie usually with their tops turned
eastwards. Even the hatchets with which the trees had been
cut down are occasionally found in the moss. It bas been
supposed by some that this is the remains of the Caledonian
forest which was cut down by Agricola.

It is exceedingly probable that forests either cut down on
purpose or allowed to fall down from old age after they have
ceased to vegetate, have given origin to many of the mosses
which are found in such abundance in the temperate regions
of the northern hemisphere ; at least there are few mosses in
Great Britain or Ireland in which the trunks of trees (espe-
cially pines) are not found. This is even the case in the
mosses of Caithness; though at present that county is nearly
destitute of wood, and though the proprietors have not been
able to succeed in making trees to grow, at least to any height.
- The_ trees, after falling, occasioned a quantity of water to
stagnate round them, and thus converted the tract into a bog.
In this bog different species of sphagnum naturally made their
appearance. ‘This moss has the property of decaying below,
while a new crop vegetates on the surface; and in this way a
considerable thickness of decayed vegetable matter was accu-
mulated round the trees. This matter, from the combined

* Lyell's Geology, ii. 274.
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action of water and pressure, gradually assumed the nature of
peat, so that the whole tract was converted into a moss.

Considerable tracts of alluvial land have been accumulated
round the coast of Denmark, partly in the state of islands, and
partly attached to the main land. Of the formation and history
of these tracts, a very interesting account is given in the first
volume of M. de Luc’s Geological Travels, to which we refer
the reader for much curious information respecting the way in
which land is formed on the borders of the sea.

Besides these alluvial formations, there are others of a
similar nature, but which, judging from the fossil remains
which they contain, must have been formed at a time when
the state of the earth was different from what it is now.
"These formations bear unequivocal marks of deriving their
existence from the action of water. On that account they
have been distinguished by Dr. Buckland, and most modern
geologists, by the name of diluvial deposits.*

A very remarkable diluvial formation occurs under the town
of Brighton, in Sussex, which has been very well described
by Mr. Mantell.+ Brighton is situated on an immense accu-
mulation of water-worn materials, which fills up a valley or
hollow in the chalk. It is enclosed in chalk on every side,
except the south, where it is washed by the sea, forming a
cliff, from 70 to 80 feet high. It is composed of broken
fragments of chalk, with angular pieces of flint, imbedded in a
calcareous mass, of a yellow colour, constituting a hard and
coarse conglomerate. Ij: is not stratified, but is merely a
confused heap of alluvial materials. In the inferior portion of
the mass the chalk is reduced to very small pieces, which
gradually become large in proportion to their height in the
cliff. At length fragments of flint appear, and these increase
in size and number as they approach the upper part of the
bed, of which they constitute the most considerable portion.
These flints are more or less broken, and resemble those which
have been long exposed to the atmosphere. It contains also
water-worn blocks of siliceous sandstone, and ferruginous
breccia. Thus, all its constituents are obviously derived from
the rocks in the neighbourhood, which must have been forcibly
broken and triturated by the violent action of water, though
at present they are several hundred feet above the level of the

* # From the Latin word diluvium, which signifies a flood.
.+ Geology of the South East of England, p. 29.
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sea; and before the upper portions of them were worn away
they must undoubtedly have been considerably higher.

The organic remains discovered in this deposit are the bones
and teeth of the ox, deer, horse, and of the Asiatic elephant.
These occur but seldom, and are generally more or less water-
worn ; but in some instances they are quite entire, and cannot
have been subject to the action of the waves. It is obvious
from this, that this deposit (called by Mr. Mantell the elephant
bed) must have been formed at a time when the south of
England was inhabited at once by the Asiatic elephant, the
ox, the deer, and the horse, and therefore at a time when the
climate was milder than at present.

The city of Glasgow is built upon a thick bed of siliceous
sand, composed of grains of quartz obviously water-worn. To
the north and west of the city there are low hills composed of
clay, interspersed with fragments of other rocks, most com-
monly clayslate, greenstone and sandstone, though I have met
with a few fragments of granite and porphyry. These frag-
ments are often of the size of the human head, or even larger.
They are all rounded, and obviously water-worn. The hill at
the west end of the city is elevated at least 200 feetabove the
surface of the Clyde. This hill, called Blythswood hill, is
composed of the same clay as the other hills in the neighbour-
hood. The sand is very similar in appearance to what
constitutes at present the bed of the Clyde. We might there-
fore suppose that it had been formed in the course of ages by
the action of that river, which might perhaps have repeatedly
altered its course, and thus given birth to a pretty broad tract
of sand. But the existence of Blythswood hill, and the hill
to the north of the city, which consist of beds of sandstone,
covered at the top by eight or ten feet of clay, could not well
be ascribed to any such deviations of the course of the river.
The sand and the clay can be observed in contact nowhere in
the immediate neighbourhood of Glasgow; but at Dalmuir,
about seven miles down the Clyde, the sand is seen very
evidently overlying the clay. We may therefore conclude,
from analogy, that at Glasgow the clay (constituting the rising
grounds) is an older deposit than the sand.

But the remarkable circumstance, which throws back the
formation of this deposit of sand to a very remote era, is, that
it is traversed from east to west by two dykes or veins of
greenstone, which probably hold a direction approaching to
- parallel, at a distance of about half a furlong from cach other.
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The farthest south of these dykes was cut through about 16
years ago, in making a common sewer in Virginia Street. The
greenstone dyke was found to cross the street somewhere about
the middle of its length. The other dyke was detected about
5 years ago, while digging the foundation of the Bank of
Scotland, on the north side of Ingram Street, at the end of
Gilassford Street. About a year after, the same dyke was met
with at the western extremity of College Street, while digging
the foundation of the Chemistry laboratory and Class-room.
This situation is a little to the north of the former. Hence,
the dyke seems to run from east by north, to west by south.
It was not possible to determine the thickness of these dykes,
nor to examine their junction with the sand. They consisted
of a hard small-grained greenstone, very similar to other rocks
of the same formation in the neighbourhood. If these green-
stone dykes were deposited after the formation of the sand, it
is evident that the date of this diluvial deposit, upon which
Glasgow is built, must be very remote.

The hill on the north side of the city of Glasgow, and upon
which the oldest portion of the town is built, may be about
300 feet above the bed of the Clyde. It is a round-backed
hill, running from west to east, and gradually sinking at both
extremities. The under portion of this hill is composed of
thick beds of coal sandstone, alternating with thin beds of slate
clay and shale. The upper portion is a thick bed of strong
blue clay, without any visible stratification. It is full of water-
worn pebbles of different sizes; the largest, which consist of

“rounded blocks of greenstone and granite, are found towards
the bottom ; the smaller pebbles, of red and yellow sandstone,
clay slate and quartz, are nearer the surface. These pebbles
are all quite smooth, and those of greenstone and granite are
often almost spherical.

No shells have been observed in the gravelly soil upon
which Glasgow is built; but the same kind of bed may be
traced a considerable way down the Clyde, and depdts of shells
have been observed at Rothesay, Paisley and Roseneath. Near
Dalmuir, in the parish of Old Kilpatrick, about 7 miles west
from Glasgow, there occurs a bed of shells, at least 8 feet
thick. This bed lies in the gravel, and constitutes a eircular
space about 4 yards in diameter. All the shells are recent,
and most of them belong to speciés still existing in the sea on
the west coast of Scotland. The following 29 species were
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picked up by my son in this bed, during about half an hours
examination on two separate days:—*

Echinite, 14. Modiola albicostata,
1. Echinus esculentus. 15. Pecten Islandicus,
Shells. 16. Pecten pusio,
1. Serpula, 17. Patella parva,
2. Balanus scoticus, 18. Fissurella Noachina,
3. Mya truncata, 19. Velutina communis,
4. Saxicava rugosa, 20. Helix leevigata,
5. Amphidesma Boysii, 21. Natica glaucinoides,
6. Tellina tenuis, 22. Littorina vulgaris,
7. Lucina flexuosa, 23. Trochus cinerarius,
8. Astarte minima, 24. Lacuna vincta,
9. Cyprina vulgaris, 25. Rissoa,
10. Nucula minuta, 26. Fusus Bamflius,
11. Cardium edule, 27. Fusus lamellosus,
12. Anomia ephippium, 28. Buccinum undatum,
18. Mytilus edulis, 29. Buccinum striatum.

These shells are all natives of the British sea, with the
exception of the Fusus lamellosus, which has only been
observed about the Straits of Magellan, and the natica glau-
cinoides, which is a crag fossil. But the most common shells
in the neighbouring sea are the rarest at Dalmuir ; while those
found at Dalmuir in the greatest profusion are mostly rare in
the sea. Thus of the Mya truncata, one of the commonest
shells in the Firth of Clyde, only one imperfect specimen was
found at Dalmuir ; while the Fusus Bamffius, Lacuna vincta,
Fissurella Noachina, and Astarte minima, none of which are
common shells, together with Natica glaucinoides, a crag fossil,
are very common at Dalmuir.

The carse of Stirling bears some resemblance to the alluvial
formation round Glasgow. The uppermost bed of the carse
is a stiff blue clay, containing numerous fragments of shells
about a foot and a half below the surface, but so tender and so
much broken that only two species have been made out;
namely, the cardium edule and the turbo littoreus. There isa
third species (perhaps a tellina), but so much broken that it
cannot be determined with certainty. These shells are

* See his paper in the Records of General Science, i. 131.
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common in the Frith of Forth at this day. They show in the
most unequivocal manner, that the whole carse has been
covered by the sea since it has been inhabited by the same
shell fish that live in it at present.

Below the clay lies a bed of sand of unknown thickness.
The clay bed is thickest at the east end, and gradually thins
* out to the west. At Touch, about 3 miles west of Stirling,
it is only a few inches thick. At the Castlehill of Stirling its
thickness is 21 feet. Farther east than this I am not aware
that the sand has been observed under the clay, though its
existence may probably be inferred from analogy.

That part of Inverness-shire through which the Caledonian
canal has been cut consists of a diluvial gravel of very con-
siderable thickness. It is composed of water-worn pebbles,
chiefly or entirely derived from the rocks in the neighbour-
hood. :

The east coast of Sutherland from the Ord of Caithness to
the Firth of Dornoch, a few spots excepted, consisted some
years ago of a deep mould thickly mixed with rounded
boulders of granite of all sizes, from several tons weight to
the size of a pea. The late Duke of Sutherland improved a
considerable portion of this tract at an immense expense, by
trenching the whole and blasting the boulders, which were
built up into walls by which the fields were divided.

Connected with these diluvial deposits are the immense
masses of rock which have been carried to a great distance
from the mountain masses whence they were taken, and
deposited upon the surface. Thus the west coast of Ayrshire,
in Scotland, is scattered thick with blocks of granite, obvi-
ously of the same kind as what constitutes the central Arran
mountains. Now, between Arran and Ayrshire there is
interposed a portion of sea, which in its narrowest part is
twelve miles broad. It seems impossible to conceive that
these blocks were transported through the sea. The transport
must have taken place either at a time when Arran was joined
to the mainland of Scotland, or when the coast of Ayr was
sunk under the sea, and at least as deep as any part of the
sea between it and Arran.

At Crieff, in Perthshire, there occurs a series of low hills
ranning parallel to the Grampians. These hills consist of old
red sandstone and greywacke. On one of them, the Cnock,
the village of Crieff is built. Upon the south-east side of this
hill, towards the southern extremity, not far from the summit,
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there are deposited a number of boulder stones of syenitie
granite. The largest of these is called the cradlestome. 1Itis
nearly spherical, quite smooth on the surface, and 29 feet in
circumference. It has been split in two by lightning, (accord-
ing to the tradition of the place,) and one of the fragments has
made one complete revolution down the hill and then stopped.
The weight of this boulder is about 30 tons. The nearest
mountains of syenitic granite, are those in the neighbourhood
of Bennevis, distant more than 60 miles north-west, and
between which and the Cnock, a considerable number of
mountains are interposed, composed of porphyry, mica slate,
and clay slate. It is impossible that such a block could have
made its way to such a distance and over such obstacles. It
is obvious, that when it was transported to Strathearn, the
mountains at present interposed could not have existed.

Many similar boulders have been observed in the vales of
Westmoreland and round the Solway Firth, and indeed in
many parts of England.

Dr. Hibbert found fragments of rocks at Papa Stour, in the
Shetland islands, which must have travelled twelve miles from
Hillswickness. At Soulam Voe, open to the northern ocean,
there are boulders three or four feet high, which do not cor-
respond with any rocks in the country, and were probably
derived from the northwards.

The vast number of erratic blocks of granite on the south
side of the Baltic, and indeed scattered over the surface of
Sweden and Russia, have been long known. All these cor-
respond with the mountains on the north of Scandinavia and
Russia. Count Razomouski informs us, that where many
blocks are accumulated, they form parallel ranges with a
direction from north-east to south-west. These blocks are very
numerous between St. Petersburgh and Moscow, and are all
composed of Scandinavian rocks. In some places, particularly
in Esthonia, they appear and disappear at greater or smaller
intervals, apparently owing to the form of the land at the time
of their transport. They occur abundantly on the heights,
and are but rarely and thinly scattered over the lowlands.
Professor Pusch informs us, that the erratic blocks, from the
Duna to the Niemen, are composed of granite resembling
that of Wiborg in Finland, of another granite with Labrador
felspar from Ingria, of a red quartzose sandstone from the
shores of lake Onega, and of a transition limestone from
Esthonia and Ingria.
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In eastern Prussia, and in that part of Poland situated
between the Vistula and the Niemen, the granitic blocks are
abundant: three varieties of granite are the same as those
found in Finland, at Abo, and Helsinfors: another coarse-

. - grained granite and a syenite, are also from the north The

hornblende blocks of the same countries, are from southern
and central Finland. The quartzose blocks are exactly the
same as the rocks named Fjall Sandstein, between Sweden
and Norway. While the porphyry blocks have the same
character as the porphyries of Elfsdalen in Sweden. From
Warsaw to the west, towards Kalish and Posen, the blocks of

. red granite of Finland diminish in number, but those com-
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posed of hornblende rocks and gneiss become more abundant,
as is also the case with those of porphyry. Few Finland rocks
are found there, while those of Sweden are common.*

Blocks of extraordinary magnitude have been observed at
the foot of the Alps, and at a considerable height in some of
the valleys of the Jura, exactly opposite the principal open-
ings by which rivers descend from the Alps. These blocks
are composed of the same materials as the rocks of the Alps,
from which they must have proceeded. Many speculations

- have been indulged in to account for the transportation of
these blocks, such as ice, torrents, the rising or subsidence of

the mountains. But it seems unnecessary.to enter upon such
speculations, because nothing better than conjecture has been
advanced in their support.

- Another remarkable class of substances which have been
considered as diluvial, are collections of bones accumulated in
eaverns. Geologists are obliged to Dr. Buckland for first

“turning their attention to this subject, and for contriving a

theory, so ingenious and plausible, that it has been generally
adopted. . The cavern of Kirkdale, in Yorkshire, was dis-
covered in 1821, Dr. Buckland visited it in the autumn of

- . that year, and-inserted a full account of the fossils found in
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it in the Philosophical Transactions for 1822. The cavern
occurs in a bed of oolitic limestone, and is situated about 36
feet above the bed of the Hodge Beck. It lies on the north
side of the. valley of Pickering, in Yorkshire, distant about
25 miles from the city of York. The cave was accidentally
opened by workmen while engaged in quarrying the rock.

* Pusch, Jour. de Geologie, ii. 253, as quoted by De la Beche, Manual,
p- 172.
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It is a low zig-zag cave extending in length above 150 feet
and from 2 to 7 feet in height. It is partly filled with stalac-
tite and stalagmite, and the bottom contains a bed of mud, in
which the bones are irregularly distributed. The bones are
those of a Ayena,* similar to the species which occurs at the
Cape of Good Hope, of the bear (‘ursus speleus), the tiger,
the foz, the wolf, the elephant, the rhinoceros, the Aippopota-
mus, the oz, a very large deer, various species of deer, the
water-rat, the rabbit, the mouse, the raven, the pigeon, the
duck, the hog. No complete skeleton of any of these animals
occurred, but only detached bones. These bones were much
worn down, or gnawed, as Dr. Buckland expresses it. And
fragments of a substance like album grzcum, which he con-
siders as the excrement of hywnas, were also found. Dr.
Buckland also mentions bones of the korse among those found
in the cave; but Mr. Young assures us that these bones had
been introduced by some persons in the neighbourhood with
the malicious design of misleading the doctor in his researches.
Dr. Buckland is of opinion, that ata very remote period when
hyznas, and other tropical animals, were inhabitants of
England, this cave was occupied as a den of hyznas. That
these animals had dragged fragments of the carcasses of the
larger quadrupeds into their den, and after devouring the
flesh had left the bones. The smaller animals were dragged
in altogether. The flood, he is opinion, surprised these ani-
mals in their den, but did not enter with such rapidity as not
to permit them to escape. Hence the reason why no skele-
tons of hyznas have been found in this cave. The cave
being filled with muddy water, this mud gradually subsided
and enveloped the bones.

Such is the theory of Dr. Buckland respecting the bones
in this cavern, and he has rendered it by his ingenuity exceed-
ingly plausible. Even though we should hesitate about
adopting his conclusion that the cavern was a hyzena’s den,
still it could scarcely be doubted from the phenomena that
the cavern had been filled with turbid water, at a time when
the animals, whose bones are found, inhabited England, and
consequently when the climate was very different from what
it is at present.

Caverns with similar deposits of bones and muddy matter

* Of the bones found in such caverns about eleven-twelfths belong to
carnivorous animals, Three-fourths are the bones of bears, one-sixth of
hyanas, and the remaining one-twelfth, the bones of all the other animals.




DILUVIAL FORMATIONS. 65

are found in other parts of England. Thus three different
caverns were met with in the limestone rock at Oreston in
Catwater, near Plymouth, by the workmen while quarrying
stones for the Plymouth breakwater. An account of these
caverns by Mr. Whidbey has been published in the thloso-
phical Transactions.®

The bones found in the first cavern, discovered in 1816,
belonged all to the rhinoceros. One cavern, found in 1820,
contained bones and teeth of the bear ; and another contiguous
contained only bones of a deer or antelope. In the cavern
discovered in 1822 were found the bones of the ox, the deer,
the horse, the hyana, the wolf and the fox. These caverns
communicated with each other, and the bones of the herbi-
vorous animals were found huddled together, but those of the
carnivorous at a distance from each other : those of the hyzna
being in one cavity, and those of the wolf-and fox in another.
Some of these bones were partially covered with stalagmite,
but most of them were merely imbedded in a stiff clay which
filled the bottom of the caverns. From the trials of Mr. Clift
it appeared that these bones had been deprived of almost all
their cartilaginous matter, which was not the case with those
in the Kirkdale cavern.

- Banwell cave, in the Mendip lnlls, was found to contain
bones of the bear, cat, deer, ox, and some other animals.
Similar caverns have been met with at Torquay, and in
different parts of Wales.

The German caverns of Gailenreuth, Kiiloch, Bauman, &ec.
contain an abundance of bones, nearly identical, according to
Cuvier, over a space of 200 leagues, by far the greater pro-
portion being referrible to two extinct species of bear, Ursus
speleus and Ursus arctoideus. 'The remainder consist of the
extinct hyena (the same as in the Kirkdale cave), a felis, a
glutton, a wolf, a fox and polecat. In these caves there is more
or less of a stalagmitic crust, beneath which the bones are
discovered, the stalagmitic matter being frequently transfused
through the previously deposed sediment. They contain
occasionally also some water-worn pebbles.

I think it unnecessary to describe similar caverns which
bave been met with in various parts of France; nor the
osseous breccias of Italy, Sardinia, Gibraltar, Corsica, and
other places on the shores of the Mediterranean.

* Phil. Trans., 1828, p. 78.
I1. F
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But it may be worth while to notice a similar cave discovered
in New South Wales, and described by Major Mitchell. The
principal ossiferous cavity is situated near a large cave in
Wellington valley, about 170 miles from Newcastle, through
which valley flows the river Bell, one of the principal sources
of the Macquarrie. The cavern is a wide and irregular well
or fissure, accessible only by ladders or ropes, and the breccia
is a mixture of limestone fragments of various sizes, and bones
enveloped in an earthy red calcareous stone. The bones
have been referred to the kangaroo, wombat, dasyurus,
koala and phalangista, all animals at present existing in New
Holland. But bones also of the elephant have been met with
in it, and in another cavern bones of a kangaroo, exceeding
by one-third the largest known species of that genus.

Dr. Bigsby has described a cavern at Lanark, in Upper
Canada. The floor is covered with the debris of a brown
granular limestone, similar to that of the rock in which the
cavern exists, forming, with the bones, a kind of breccia,
similar to that in the cavern of Adelsberg.

In some of these ossiferous caverns in France, along with
the bones there occur fragments of ancient pottery, and occa-
sionally human bones, showing that at least a portion of these
bones were deposited in the caverns after the country had
been inhabited by man. In some of the Welsh caves human
bones have been found, but from the way in which they are
deposited there is reason to believe that they had been
employed as burying places.

It is evident from these examples, and many more might
have been adduced, that what have been called diluvial deposits
are of very different ages, and that, like all the other beds
constituting the crust of the earth, they owe their origin to the
action of water. It would not be an easy matter to distinguish
between alluvial and diluvial deposits; probably, in many
cases there is no real distinction in the agents, excepting,
perhaps, in their amount.
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CHAP. V.
OF PLIOCENE FORMATIONS.

THE term pliocene* has been contrived by Mr. Lyell, and
applied to certain tertiary deposits distinguished by the great
number of recent shells which they contain, but mixed with
many species which no longer exist. These beds he subdivides
into two groups, namely, newer pliocene, and older pliocene ;
the former containing a greater proportion of recent shells than
the latter. The following table exhibits Mr. Lyell’s arrange-
ment of these strata :—

1. Newer Pliocene.

Character. e ‘Localitles. -

Marine Strata of the Val di Noto, in Sicily, Ischia,
* Morea? - Uddevalla.

Fresh water. Valley of the Elsa, around Colle, in Tuscany.

Volcanic {Older parts of Vesuvius, Etna and Ischia—

P voleanic rocks of the Val di Noto.

I1. Older Pliocene.
Marine, Norl:h.en! sub-appeni’ne forma:tions, as at Parma,
Asti, Sienna, Perpignan, Nice— English crag.
Alternating with marine beds near the town of
Sienna.
Volcanic. Volcanoes of Tuscany and Campagna di Roma.

Fresh water.

We shall treat of these two groups in their order.

I. Newer Pliocene Formations.

The most remarkable of these beds exists in the Island of
Sicily. About two-thirds of this island are occupied by primary
and secondary rocks, the remaining third is covered by tertiary
formations, which are of great extent in the southern and
central parts of the island.

The Val di Noto is a district which intervenes between Etna
and the southern promontory of Sicily. A considerable tract
of it, containing within it hills which are from 1000 to 2000
feet in height, entirely composed of limestone, marl, sandstone,

* From wauwy, greater, and xawss, new.
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and associated volcanic rocks, belongs to the newer pliocene
era. These rising grounds of the Val di Noto are separated
from the cone of Etna and the marine strata whereon it rests
by the low flat plain of Catania, just elevated above the level
of the sea, and watered by the Simeto. The whole series of
its strata are divisible into three groups, exclusive of the
associated volcanic rocks. The uppermost mass consists of
limestone, which sometimes constitutes a bed 700 or 800 feet
in thickness. Below this, but much inferior in thickness, the
following beds occur in the order in which they are named :—

2. Calcareous sandstone.

3. Conglomerate.

4. Shistose limestone.

5. Blue marl.
The whole of these beds contain shells and zoophytes, nearly
all of which are referrible to species now inhabiting the con-
tiguous sea.

The uppermost, or great limestone bed, often resembles the
yellowish-white building stone of Paris, well known by the
name of calcaire grossiére, or coarse limestone; but it often
passes into a much more compact stone. In the valleys of
Sortino and Pentalica it is in strata nearly horizontal, and
very regular. It abounds in natural caverns. The shells in
this limestone are often very indistinct, sometimes nothing but
casts remaining ; but in many localities, especially where there
is a slight intermixture of volcanic sand, they are more entire,
and can almost all be identified with recent Mediterranean
testacea. Several species of pecten, particularly the Jacobeus,
or large scallop, now so common on the coasts of Sicily, are
very numerous. The following shells, at present found in the
Medxterranean, have been figured by Mr. Lyell as occurring
in this formation :—

Turbo rugosus, Pleurotoma vulpecula,
Trochus majus, Buccinum prismaticum,
Solarium variegatum, Cassidaria echinophora,
Tornatella fasciata, Cytherea exoleta.

A list of the other shells belonging to this formation will be
found in M. Deshayes’s tables of fossil shells, inserted at the
end of the third volume of Lyell’s Geology, to which the
reader is referred.

‘The mineral characters of this great calcareous formation
vary considerably in different parts of Sicily. In the south,
near the town of Noto, the rock puts on the compactness,
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together with the spheroidal concretionary structure of some
of the Italian travertins. At the same place it contains the
leaves of plants and reeds. At Spaccaforno, and other places
in the south of Sicily, a similar compact variety of limestone
occurs, where it is for the most part pure white, often very
thick, and without any lines of stratification. This hard white
rock is often four or five hundred feet in thickness, and
appears to contain no fossil shells. It has much the appear-
ance of having been precipitated from the waters of mineral
springs, such as frequently rise up from the bottom of the sea
in the volcanic regions of the Mediterranean.

This great limestone passes downwards into a white calca-
reous sand, which has sometimes a tendency to an oolitic and
pisolitic structure. At Florida, near Syracuse, it contains a
sufficient number of small calcareous pebbles to constitute a
conglomerate, where also beds of sandy limestone are asso-
ciated, replete with numerous fragments of shells, and much
resembling the English cornbrash. In some parts of the
island this bed seems to be represented by yellow sand, like
that superimposed on the blue shelly marl of the Subappenines
in the Italian peninsula.

Under the preceding beds is found an argillaceous deposit
of variable thickness, called creta in Sicily. It resembles the
blue marl of the Subappenine hills, and like it, encloses fossil
shells and corals in a beautiful state of preservation. A list of
these shells will be found in Deshayes’s table at the end of
Lyell’s Geology. Almost the whole of them are identical
with shells at present existing in the Mediterranean.

This bed usually rests on an older series of white and blue
marls, containing skeletons of fish interposed between the thin
laminz of the white marls.

The volcanic rocks associated with these beds, constitute a
very prominent feature in the Val di Noto. These lavas some-
times lie under and sometimes over the stratified rocks. For
we find dykes of lava intersecting both the marl and lime-
stone, while in other places calcareous beds repose upon lava,
and are unaltered at the point of contact. Thus the shelly
limestone of Capo Santa Croce, rests in horizontal beds upon
a mass of lava, which had evidently been long exposed to the
action of the waves, so that the surface has been worn quite
smooth. This limestone is unchanged at its junction, and
encloses within it pebbles of lava.

The volcanic rock of the Val di Noto, usually consists of
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the most ordinary variety of basalt with or without olivine.
It is sometimes compact, often very vesicular. The vesicles
are either empty or filled with calcareous spar, arragonite,
and zeolites. The structure is sometimes spheroidal and
sometimes, though rarely, columnar.

The formation of these different pliocene rocks seems to

have been a very slow process. Near Lentini, Mr. Lyell
found some imbedded volcanic pebbles, covered with full
grown serpulee. At Vizzini, a bed of oysters, the same as our
eatable species, and twenty feet thick is seen resting upon a
current of basaltic lava. Upon the oyster bed is superimposed
a second mass of lava, together with tuff and piperino. Near
Galieri, a horizontal bed about a foot and a half thick, com-
posed entirely of a common Mediterranean coral (Caryo-
phyllia cespitosa) is seen in the midst of the same series of
alternating igneous and aqueous formations. These corals
stand erect as they grew, and after being traced for hundreds
of yards, are again found at a corresponding height on the
opposite side of the valley.*
. Similar deposits of newer pliocene formations were ob-
served by Mr. Lyell at the foot of Mount Etna. At the base
of the cone there runs a low line of hills formed of clays and
marls, associated with yellow sand, similar to the formation
provincially termed Creta in different parts of Sicily. This
marine formation, composed partly of volcanic and partly of
sedimentary rocks, is seen to underlie the modern lavas of
Etna. Its extent cannot be determined; but it contains the
same shells and constitutes a similar formation with that in
the Val di Noto already described.

The same formation exists on the east side of Etna and in
the Cyclopian islands, in the larger of which it seems to have
been heaved up and contorted by masses of columnar lava
that lie under it. Mr. Lyell is of opinion, that the whole of
Mount Etna, except what has been formed during the histori-
cal era, belongs to the newer pliocene formation, On the
eastern side of the mountain there is a deep valley called Val
del Bove, where the structure of the mountain may be studied.
It is a vast amphitheatre four or five miles in diameter, sur-
rounded by vertical precipices, varying from 1000 to above
8000 feet in height. Here a great multitude of vertical
dykes may be seen in all dircctions traversing the volcanic

* Lyell's Geology, iii. 62.
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beds, which all dip towards the sea. 8ome of those dykes are
compact trachyte, others consist of blue basalt with olivine.
They vary in breadth from 2 to 20 feet and upwards, and
usually project from the face of the cliff. They consist of
harder materials than the strata which they cut, and therefore
waste away less rapidly. They obviously consist of lava cur-
rents which made their way through rents in the older lavas.

Mr. Lyell is of opinion, that these newer. pliocene beds
were gradually deposited at the bottom of the sea by aqueous
attrition from the rocks, &ec., on the contiguous land, that
there they were mixed with the shells which existed in the
Mediterranean at the time of their deposition; and that they
were gradually and slowly hardened and elevated by volecanic
energy. He has produced a great many proofs, that the sea
coast in many parts of Italy has been raised within the histori-
cal era. One of the most remarkable of these examples, is
the temple of Serapis at Puzzuoli. The base when built,
must have been above the level of the sea. Afterwards it
sunk below that level, as is obvious from the columns, to the
height of 20 feet being perforated by Lithodomous shells.
Finally, it must have been again elevated at least as high as
when originally built.*

Mr. Lyell has pointed out the existence of similar newer
pliocene formations in Campania, at Conception bay in Chili,
the parallel roads of Coquimbo in the same country, at Hon-
duras, Madeira, and in several other localities.

Several fresh water formations of the same period are also
enumerated by him, as the valley of Elsa in Tuscany, between
Florence and Sienna, where we meet with fresh water marls
and travertinst full of shells, belonging to species which now
live in the lakes and rivers of Italy. Valleys several hundred
feet deep have been excavated through the lacustrine beds,
and the ancient town of Colle stands on a hill composed of
them. The travertins and calcareous tufas which cap the
hills at Rome, may belong to the same period. The terres-
trial shells enclosed in these masses, are of the same species as

* Lyell's Geology, i. 517.

+ The term travertin is applied by the Italians to a limestone deposited
from the water of springs holding lime in solution. The Germans give to
the same substance the name of kalktyff. The Italian word is a corruption
of the term Z'iburtinus, the stone being formed in great quantity by the
river Anio at Tiber, near Rome, and hence it was called by the ancients
Lapis Tiburtinus.
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those now abounding in-the gardens of Rome ; and the accom-
panying aquatic shells are such as are found in the streams and
lakes of the Campagna. On Mount Aventine, the Vatican,
and the Capitol, we find abundance of vegetable matter, prin-
cipally reeds encrusted with calcareous tufa, and intermixed
with volcanic sand and pumice.*

Several fresh water breccias belonging to the same period
occur in Sicily. Thus, for example, caves occur in the new-
est pliocene limestone of the Val di Noto, containing a breccia
in which bones of extinct species of the elephant and hippo-
potamus occur. Similar caves are met with near Palermo.
Mr. Lyell assigns the erratic blocks of the Alps to the same
period.

In the pliocene formations there occur about 55 species of
plants. Of these 27 belong to recent species, 22 are con-
fervee, 5 are palm®. The remaining 10 species are too
imperfect to enable us to refer them to any peculiar class.

I1. Older Pliocene Formations.

These formations are not covered by the preceding, but are
considered as of a more ancient era, because they contain a much
greater number of extinct fossil shells. Like the preceding
formations they exist in greatest perfection in Italy.

The Appenines constitute a range of mountains which
branches off from the Ligurian Alps and passes down the
Italian peninsula. At the foot of these mountains, both on
the side of the Adriatic and the Mediterranean, is found a
series of tertiary strata, which form a line of low hills occupy-
ing the space between the older chain and the sea. Broechi
first observed, that more than one-half of the shells in these
tertiary strata agree with species now living in the Mediter-
ranean, or in other seas chiefly of warmer climates.

The most important of these beds is a marl, which varies
in colour from greyish brown to blue. It is very aluminous,
and usually contains much calcareous matter and scales of
mica. Sometimes it is thinly laminated, but often exhibits
no lines of distinction throughout a considerable thickness.
In some of the hills near Parma, this marl acquires a thick-
ness of nearly 2000 feet, and is charged throughout with
shells, many of which are such as inhabit a deep sea. They

* For an account of the Geology of Rome, we refer to an excellent paper
by Hoffmann, accompanied by a geological 'map inserted in Poggendorff’s
Annalen, xvi. 1.
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often occur in layers so as to indicate a gradual accumulation.
They are not flattened, but are filled with marl. Beds of
lignite are sometimes interstratified, as at Medesano, four
leagues from Parma. Subordinate beds of gypsum also occur
in many places, as at Vigolano and Bargonz, in the territory
of Parma, where they are interstratified with shelly marl and
sand.

The other member of the Subappenine group, the yellow
sand and conglomerate, constitutes usually a border formation
near the junction of the tertiary and secondary rocks. In
some cases, as near the town of Sienna, we see sand and
calcareous gravel resting immediately on the Appenine lime-
stone, without the intervention of any blue marl. Alterna-
tions are there seen of beds containing river shells, with others
filled exclusively with marine species, and oysters are attached
to many of the limestone pebbles, ‘

These tertiary strata have resulted from the waste of the
rocks which now form the Appenines, and which had become
dry land before the older pliocene beds were deposited ; even
at present, the rivers carry into the sea a sediment exactly
similar to the marl above described. And yellow sand is
thrown down by the Tiber near Rome, and by the Arno at
Florence. The northern part of the Appenines, consists of a
grey micaceous sandstone with an argillaceous base, alternat-
ing with shale, from the degradation of which brown clay and
sand would result.

The shells contained in these tertiary-beds are soft when
first taken from the marl, but they become hard when dried.
The superficial enamel is often well preserved, and many
shells retain their pearly lustre, and even part of their exter-
nal colour, and the ligament which unites the valves. The
microscopic shells abounding near Sienna are very perfect.
In some large tracts of yellow sand it is impossible to detect
a single fossil, while in other places they occur in profusion.
These testacea are referrible to species and families of which

_the habits are extremely diversified, some living in deep,
others in shallow water, some in rivers or at their mouths.
Mr. Lyell saw a specimen of a fresh water univalve (Limnea
palustris ) taken from the blue marl near Parma full of small
marine shells. Blocks of Appenine limestone are found in
this formation drilled by lithodomous shells. The remains
not only of testacea and corals but of fishes and crabs, are
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met with, as also those of cetacea, and even of terrestrial
quadrupeds.

Mr. Lyell has pointed out the existence of these older
pliocene formations along the coast of the Mediterranean,
from Genoa (or at least the base of the Maritime Alps) to Nice.
There is also a considerable thickness of the same tertiary
strata on the borders of the Mediterranean at the eastern
extremity of the Pyrenees, in the valleys of the rivers Tech,
Tet, and Gly. They are very similar to the Italian beds,
consisting partly of a great thickness of conglomerate, and
partly of clay and sand, with subordinate beds of lignite.
They abut against the primary.

Marine strata of the older pliocene period occur in patches
at Malaga and Granada, in Spain. They have also been
observed in the Morea by MM. Boblaye and Verlet.

The reader will find a list of the principal shells hitherto
found in the older pliocene formations, at the end of the third
volume of Lyell’s Geology.*

A portion of the older pliocene formation occurs on the
coast of Norfolk and Suffolk, where it is locally known by the
name of crag, which is said to be a term applied in Suffolk to
sand.

The extent of the crag has not yet been accurately defined.
It rests sometimes upon the London clay, and sometimes upon
chalk. It is first seen at Walton Nase, in Essex, where it is
exposed on the cliff for 300 paces in length. It caps the
cliffs on both sides of Harwich. Quarries of it are worked
on the southern bank of the river Orwell, in Suffolk; and
near Southwold, which is about two miles south of Lowestoff,
it appears in the cliff together with sand and red loam cover-
ing the London clay. The same bed of shells is found upon
digging through Suffolk and a great part of Norfolk. Mr.
Woodward informs us that it is found at Cromer, and west-
ward of that town at Coltishall, and round Norwich. Mr.
Richard Taylor of Norwich has given us a section of its
strata as they appear at Bramerton, on the southern bank of
the Yare resting on the upper chalk.f The strata visible are
twelve in number, and are as follows, beginning with the
uppermost :—

* The preceding account of the pliocene formations in Italy is taken
from the third volume of Mr. Lyell's Geology.
+ Geological Transactions (second series), i. 871.
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Thickness,

1. 5 Sand without organic remains.

2. 1 Gravel

3. 4 Loamy earth,

4. 14 Ferruginous sand, containing hollow nodules.
5. 13 Coarse white sand with a vast number of shells.
6. 1} Gravel with fragments of shells.

7. 15 Brown sand with a seam of fragments of shells.
8.

g1 § Coarse white sand with shells. Telline and
# ¢ murices most abundant. ’
9. 15 Red sand with organic remains.
10. 1 Loamy earth with large stones and crag shells.
11. 1 Large flints in situ in the chalk.
12. 15 Chalk.
The thickness, exclusive of the chalk and flints, amounts
to 49 feet.
Mr. Taylor has given us the following table of the shells
found by him in this section :—
Number of the

Shells. bed in which the
shell is found.

Emarginula reticulata

Turbo littoreus, 4 varieties

Scalaria similis

Trochus similis? .

— concavus? . . . . .

Turritella conoidea .
trilineata (Smith)

Murex striatus .

carinatus

latus

Cerythium? .

Mya lata .

Tellina ovata .

obtusa . .

obliqua . .

bimaculata (Smith

Mactra arcuata .

cuneata

dubia .

ovalis .

Cardium Parkinsoni

— angustatum

—————~ Edulina
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- et

abell is found

Mytilus edulis . . . . . 8 10

antiquorum . 8,10
Modiola pallida . . . . 8

Pecten? . . . . . . . 8,10
Cyclas cuneiformis . . . . . . 8
Astarte plana, 3 varieties 8
Venus lentiformis 8

equalis . 810
Nucula Cobboldize . . 8
Balanus tesselatus . . . . . 5, 8
— crassus . . . 5 8
Fragments of lobsters and crabs 8
Palates and vertebrze of fishes . R . 5, 8

Fragments of bone . 5

Horns, vertebre, and teeth, of large herbivorous }

animals . . . .
Fragments of wood . . . . .
Fragments of coal .

&
®® ®

Mr. Lyell has given an interesting account of the constitu-
tion and position of these crag-beds along the coast of Nor-
folk and Suffolk. It lies over the chalk in an unconformable
position ; it consists often of beds alternately inclined and
horizontal, and consisting of sand and comminuted shells. It
would appear from Mr. Lyell’s description, that these beds of
sand must have experienced considerable derangement since
they were originally deposited, for they occur bent, folded,
and in every conceivable position with respect to each other.®

Mr. Lyell is of opinion that the extinct volcanic rocks at
Olot, in Catalonia, belong to the older pliocene period. This
volcanic tract extends about fifteen miles from north to south,
and about six miles from east to west. The volcanic matter
made its way through secondary rocks of sandstone and
nummilitic limestone, supposed to be contemporary with the
English green sand and chalk. There are about fourteen
cones or craters, and the volcanic matter is basalt, scoriz, &c.
The reason for supposing these volcanoes to be of the age of
the older pliocene rocks is that they in some places cover
old alluvium.}

* Lycll's Geology, iii. 171. + Ibid. p. 1883.
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- The date of the extinct volcanoes of the lower Rhine and
the Eissel is equally uncertain with that of the Catalonian
lava. Mr. Lyell has stated his reasons for referring these
volcanic eruptions also to the older pliocene period.*

CHAP. VI
MIOCENE FORMATIONS.

THE term miocenet has been applied by Mr. Lyell to those
tertiary formations which contain shells, about one-sixth of
which only belong to living species, while the remaining
five-sixths constitute extinct species. A table containing
1021 of such shells is inserted at the end of Lyell’s Geology,
of which only 176 (or ;!5) are recent, while all the rest belong
to extinct species. Mr. Lyell has given figures of the most
characteristic shells found in this formation. They are

Voluta rarispina, Turritella Proto,
Mitra Dufrenii, Fascioloria turbinelloides,
Pleurotoma denticula, Pleurotoma tuberculosa.

Nerita Plutonis.

The miocene beds lie under the older pliocene when both
happen to occur together. The area covered by them in
different parts of Europe is very considerable. For they
occur in Touraine, in the basin of the Loire, and still more
extensively in the south of France, between the Pyrenees and
the Gironde. They have also been observed in Piedmont,
near Turin, and in the neighbouring valley of the Bormida,
where the Appenines branch off from the Alps. They are
largely developed in the neighbourhood of Vienna, and in
Styria. They abound in parts of Hungary, and they over-
spread extensive tracts in Volhynia and Podolia.

The miocene strata, called the Faluns of the Loire, have
been observed to repose on a great variety of older rocks
between Sologne and the sea, in which line they are seen
successively to rest on gneiss, clayslate, coal measures, oolitic
limestone, greenstone, chalk, and upper fresh-water forma-
tions of the Seine. They consist chiefly of quartzose gravel,
sand, and broken shells. The beds are generally incoherent,

# Lyell's Geology, iii. 193. 1 uusw, less, and xanwos, new.
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but sometimes agglutinated together by a calcareous or earthy
cement, 8o as to serve as a building stone. The thickness
does not exceed 70 feet. They often bear a striking resem-
blance to the crag in appearance, the shells being stained of
the same ferruginous colour, and being in the same state of
decay, serving in Touraine, just as in Norfolk, to fertilize the
arable land. Like the crag also they contain mammiferous
remains, which are not only intermixed with marine shells,
but sometimes encrusted with serpule, flustra, and balani.
These terrestrial quadrupeds belong to the genera mastodon, -
rhinoceros, hippopotamus, &c. The assemblage considered
as a whole being very distinct from those of the Paris gyp-
sum. In these faluns M. Desnoyers has discovered the bones
of the following quadrupeds :— .

Palzotherium magnum,

Mastodon angustidens,

Hippopotamus major, minutus,’

Rhinoceros leptorhinus, minutus,

Tapir gigas,

Anthracotherium (small species),

Sus,

Equus (small species),

Cervus,

An undetermined species of rodentia.

This formation resembles the crag, but is distinguished by
the smaller number of recent shells which it contains.

The hills of Mont Ferrat and Superga, near Turin, belong
also to the Miocene formations. The strata of these hills are
inclined at an angle of more than 76 degrees. They consist
partly of fine sand and marl, and partly of a conglomerate
composed of primary boulders, which forms a lower part of
the series. The high road which leads from Savona to Ales-
sandria intersects these beds in its northern descent, and the
formation may be studied along this line at Carcare, Cairo,
and Spinto, at all which localities fossil shells occur in a
bright green sand. At Piana, a conglomerate interstratified
with this green sand, contains rounded blocks of serpentine
and chlorite slate, larger than those near the summit of the
Superga, some of the blocks being not less than nine feet in
diameter.

When we descend to Acqui, we find the green sand giving
place to bluish marls, which also skirt the plains of the Tanaro
at lower levels. These newer marls are associated with sand
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and are nearly horizontal, and appear to belong to the Older
Pliocene Subappenine strata.

In Savoy, at the northern base of the great chain, there
occurs a soft green sandstone associated with marls and con-
glomerate. It is called molasse, doubtless from its softness.
It is of vast thickness, but shells have been so rarely found in
it that they do not supply sufficient data for correctly deter-
mining its age. Mr. Lyell, from analogy with the Bormida

- beds, seems disposed to consider the molasse as a miocene

-

T MW, WL

formation.

A long succession of marine strata intervenes between the
Alps and the plains of Hungary, which are divisible into three
natural groups, each of vast thickness, and affording a great
variety of rocks. They lie in strata nearly horizontal, but
have a slight easterly dip, so that in traversing from west to
east we commence with the oldest and end with the youngest
beds. At their western extremity they fill an irregular trough-
shaped depression, through which the waters of the Mur, the
Raab and the Draven make their way to the lower Danube.
They here consist of conglomerate, sandstone and marls, some
of the marls containing marine shells. Beds also of lignite
occur, showing that wood was drifted down in large quantities
to the sea. In parts of the series there are masses of rounded
siliceous pebbles, resembling the shingle banks which are
forming on some of our coasts.

The second principal group is characterized by coralline
and concretionary limestone of a yellowish-white colour. It
is finely exposed in the escarpments of Wilden and in the hills
of Ehrenhausen, on the right bank of the Mur. This coralline
limestone is at least four hundred feet thick at Wilden, and
therefore exceeds some of the most considerable of our
secondary groups in England, as, for example, the coral rag.
Beds of sandstone, sand and shale are associated with this
limestone.

The third group, which occurs at a still greater distance
from the mountains, is composed of sandstone and marl, and
of beds of limestone, exhibiting here and there a perfectly
oolitic structure. In this system fossil shells are numerous.

The middle group of these formations belongs indisputably
to the miocene period; for the species of shells are the same
as those of the Loire, Gironde, and other contemporary
basins before noticed. The inferior or first group from the
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shells enumerated by Sedgewick and Murchison probably
belongs to the same period. They specify
Mytilus Brardii,
Cerithium pictum,
pupzforme,
plicatum.
All of which characterize the miocene period.

The third or newest system which overlies the coralline
limestone contains fossils which do not differ so widely from
the miocene type as to authorize us to separate them.*

Mr. Liyell points out other miocene formations in Auvergne,
Velay, Orleanais, the Upper Val d’Arno, Cadibona, Hungary,
Transylvania, and Styria. The hones of fossil quadrupeds
found in the Upper Val d’Arno by Mr. Pentland, belong to
the following species :—

‘ 1. Fere.
Ursus cultridens,
Viverra Valdarnensis,
Canis lupus, and another of the size of the common fox,
Hyzna radiata, fossilis,
Felis, a new species of the size of the panther.

2. Rodentia.

Histris, nearly allied to dorsalis,
Castor.

3. Pachydermata.

Elephas Italicus,
Mastodon angustidens,
—— taperoides,
Tapir,
Equus,
Sus scrofa,
Rhinoceros leptorhinus,
Hippopotamus major,

fossilis.

4. Ruminantia.
Cervus megaceros ?

* See Sedgewick and Murchison’s paper in the Geol. Trans. (second
series), iil. 301; and Lyell's Geology, iii. 212.
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Cervus Valdarnensis,
new species,
Bos, bubalo affinis,
—— urus,
—~— taurus.*
These are quite different from the animals whose bones are
found in the Paris basin.

CHAP. VIIL
EOCENE FORMATIONS,

THrs name4 has been given by Mr. Lyell to a set of forma-
tions deposited at an earlier period than the miocene. The
name was imposed, because an extremely small proportion of
living species are contained in these beds. They indicate
what may be considered as the dawn or commencement of the
existing state of the animate creation upon the earth.

The total number of shells of this period is 1234, of which
42 only are living species, being nearly in the proportion of
3} per cent. Of fossil species not known as recent 42 are
common to the eocene and miocene epochs. In the Paris
basin alone 1122 species have been found fossil, of which 38
only are still living. A list of most of these shells may be
seen in M. Deshayes’s table, at the end of the third volume of
Lyell’s Geology. Mr. Lyell has given figures of the follow-
ing shells in plate third of the third volume of his geology, as
characteristic of this formation :—

Voluta costaria,

digitalina,
Pleurotoma clavicularis,
Cassidaria carinata,
Nerita tricarinata,
Calyptreea trochiformis,
Thurritella imbricataria,
Natica epiglottina,
Solarium canaliculatum,
Cardita planicosta.

The celebrated Paris basin was the first of the eocene for-

# Lyell's Geology, iii. 220.

4+ From 4w, aurora, and xemes, new.

1. G
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mations which were accurately explored. For our knowledge
of these deposits we are indebted to the labours of Cuvier
and Brongniart. They were ascertained to fill a depression in
the chalk, which constitutes the fundamental rock at Paris
and the neighbouring country.

Mr. Lyell considers many of the Paris beds as identical
with certain beds in Auvergne, which seem to have been
gradually deposited in lakes at that time existing in that part
of France.

Immediately over the chalk in the Paris basin lies a layer
of broken chalk flints, often cemented into a breccia by silice-
ous sand.

Upon this flinty stratum, or if it be wanting, upon the chalk
itself rests frequently a deposit of clay and lignite, called the
JSirst fresh water formation or plastic clay formation, by
Brongniart and Cuvier. It is composed of fresh water shells
and driftwood, and was at first regarded as a proof that the
Paris basin had originally been filled with fresh water. But
it has been since shown that this group is not only of very
partial extent, but is by no means restricted to a fixed place
in the series, for it alternates with the calcaire grossier, and
is repeated in the very middle of that limestone at Veaugirard,
Bagneux, and other places where the same Planorbes, Palu-
dina, and Limnei occur, as has been shown by M. Constant
Prévost. Its origin was doubtless a river entering a bay of
the sea, charged with argillaceous sediment, and drifting
down occasionally fresh water shells and wood.*

The next bed was called by Cuvier and Brogpiart calcaire
grossier or first marine formation. It is composed of a coarse
limestone, often passing into sand. It contains by far the
greater number of the fossil shells, which characterize the
Paris basin. No fewer than 400 distinct species have been
derived from a single locality near Grignon. They are im-
bedded in a calcareous sand chiefly formed of comminuted
shells, in which nevertheless individuals in a perfect state of
preservation, both marine, terrestrial, and fresh water species
are mingled together, and were evidently transported from a
distance. Some of the marine shells may have lived on the

* Brongniart, in his Tableau des terrains qui composent Pécorce du Globe,
published in 1829, (p. 184), defends his original opinion with much in-
genuity, and advances arguments in support of it possessed of considerable
welght But the opinion of Prévost is so much simpler, and explains the
seeming anomalies in so satisfactory a way that I am disposed to adopt it.
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spot, but cyclostoma and limnea must have been brought
there by rivers and currents, and the quantity of triturated
shells implies considerable movement in the waters. Nothing
is more remarkable in this assemblage of fossil shells than the
great proportion of species referrible to the genus Cerithium. -
There occur no fewer than 137 species in the Paris basin,
and almost all of them in the calcaire grossier. Now the
living testacea of this genus inhabit the sea near the mouths
of rivers, where the waters are brackish. Hence their occur-
rence in the marine strata of the Paris basin accords with the
statement of M. Prévost, that a river flowed into the gulf and
gave rise to the beds of clay and lignite in the plastic clay
bed above mentioned.

The next bed in order is a compact siliceous limestone,
called by Brongniart and Cuvier calcaire siliceuz. It resembles
a precipitate from the waters of mineral springs, It is for the
most part void of animal remains ; but in some places it con-
tains fresh water and land species, and never any marine
fossils. The siliceous limestone and the calcaire grossier
occupy distinct parts of the basin, the one attaining its fullest
development in those places where the other is of slight
thickness. They also alternate with each other towards the
centre of the basin, as at Sergy and Osny, and there are even
points where the two rocks are so blended together that por-
tions of each may be seen in hand specimens.

From these facts and some others, it has been concluded,
thatgwhile to the north, where the bay was probably open to
the sea, a marine limestone was formed, another deposit of
fresh water origin was introduced to the southward or at the
head of the bay.

The next group in order is the gypsum, and the white and
green marls of Cuvier and Brongniart. These were once
considered to be entirely subsequent to the groups already
described. But Prévost has shown that, in some localities,
they alternate repeatedly with the calcaire siliceux, and in
others with some of the upper members of the calcaire gros-
sier. The gypsum, with its associated marls and limestone
is in greatest force towards the centre of the basin where the
two groups just mentioned are less fully developed. And
M. Prévost infers, that while those two principal deposits
were gradually in progress, the one towards the north and
the other towards the south, a river descending from the east
may have brought down the gypseous and marly sediment.
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The next group, called the second or upper marine forma-
tion, by Cuvier and Brongniart, consists in its lower division
of green marls, which alternate with the fresh water beds of
gypsum and marl above described. Above this division the
products of the sea exclusively predominate, the beds being
chiefly formed of micaceous sand, 80 feet or more in thickness,
surmounted by beds of sandstone with scarcely any limestone,
The summits of a great many platforms and hills in the
Paris basin consist of this upper marine series, but the group
is much more limited in extent than the calcaire grossier.

The uppermost of the formations in the Paris beds is
called by Cuvier and Brogniart the third fresh water forma-
tion. It consists of marls interstratified with beds of flint
and layers of flinty nodules. One set of siliceous layers is
destitute of organic remains, the other replete with them.
Gyrogonites, or fossil-seed vessels of chare, are found abun-
dantly in these strata, and all the animal and vegetable
remains agree well with the hypothesis, that after the gulf or
estuary had been silted up with the sand of the upper marine
formation, a great number of marshes and shallow lakes
existed, like those which frequently overspread the newest
parts of a delta.

The entire series of these Paris beds must have required a
long lapse of ages for its accumulation, yet they all belong to
the eocene period. The shells of the different fresh water
groups, constituting at once some of the lowest and uppermost
members of the series, are nearly all referrible to the same
species, and the discordance between the marine testacea of
the calcaire grossier and the upper marine sands is very
inconsiderable. M. Deshayes has made a curious observation
respecting the changes which one species, the cardium poru-
losum, has undergone during the long period of its existence
in the Paris basin. Different varieties of this cardium are
characteristic of different strata. In the oldest sand of the
Soissonais (a marine formation underlying the regular beds of
the calcaire grossier) this shell acquires but a small volume,
and has many peculiarities which disappear in the calcaire
grossier. In these the shell attains its full size and many
peculiarities of form, which are again modified in the upper-
most beds of the calcaire grossier, and these last characters
are preserved throughout the whole of the upper marine
series.

In some parts of the calcaire grossier microscopic shells
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are very abundant. They belong to the order of Cephalopoda,
the animals of which are the most free in their motions, and
most advanced in their organization of all the mollusca. They
are often in an excellent state of preservation, and their forms
are singularly different from those of the larger testacea.

The gypsum at the base of Montmartre, is seen distinctly
to alternate with soft marly beds of the calcaire grossier, in
which cerithia and other marine shells occur. But the great
mass of gypsum may be considered as a purely fresh water
deposit, containing land and river shells, together with frag-
ments of palm wood, and great numbers of skeletons of quad-
rupeds and birds, an assemblage of organic remains which
have given great celebrity to the Paris basin. In this gypsum
formation, Cuvier discovered the bones of two new genera of
animals, which he distinguished by the names of Pal@otherium
and Anoplotherium. The paleotherium resembles the tapir.
Ten species have been described by Cuvier, varying in size
from that of the rhinoceros to that of the hog and sheep.
They appear all of them to have been herbivorous animals.
The genus anoplotherium resembles the camel. The tail is
as long, if not longer, than the body, at the same time very
thick and strong. Five species are described by Cuvier, all
of which occur in this gypsum formation.

The remains of three carnivorous animals have been found
in the same beds. One of these resembles the fox; the
second is either an unknown species of canis, or of a genus
intermediate between the canis and viverra : the third is
allied to the ichneumon, but is double its size.

The Lophiodon is another new genus, nearly allied to the
tapir. Twelve species have been determined by Cuvier, and
one of them is of gigantic dimensions.

The bones of a species of tapir of gigantic size were also
found in the same formation. It is 18 feet long and 12 feet
high, thus equalling the skeleton of the mastodon or the
elephant.

Cuvier has ascertained and classified the fossil remains of
78 different species of extinct quadrupeds, found either in this
formation or in those above it in the series. Forty-nine of
these are species hitherto entirely unknown to naturalists.
Eleven or 12 others have such entire resemblance to species
already known, as to leave no doubt of their identity, The
remaining 16 or 18 have considerable traits of resemblance to
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known species; but the comparison has not been made with
so much precision as to remove all doubt.

Of the 49 new species, 27 are referrible to 7 new geners,
while 22 are referrible to genera or subgenera already
known. The whole genera and subgenera to which the fossil
remains of quadrupeds hitherto investigated are referrible, are
36, including those belonging both to known and unknown
species.

Of the 78 species, 15 which belong to 11 genera, are
animals of the class of oviparous quadrupeds; while the
remaining 63 are of the mammiferous class. Of these last, 32
species are hoofed animals, not ruminating, and reducible to
10 genera; 12 are ruminating animals belonging to 2 genera;
7 are gnawers referrible to 6 genera ; 8 are carnivorous quad-
rupeds belonging to 5 genera ; 2 are toothless animals of the
sloth genus; and two are amphibious animals of two distinet
genera.

For a particular account of all these fossil animals (many of
which have been found in alluvial beds) we must refer the
reader to Cuvier’s great work on the Fossil Remains of Quad-
rupeds. But it may be interesting to specify a few of the
most remarkable.

1. Megatherium. This animal belongs to the order of
bradypus, or sloth. A complete skeleton was found in the
alluvial soil near Buenos Ayres, and sent to Madrid.  After-
wards another was discovered near Lima, and a third in Para-
guay. The Madrid skeleton is 14 feet long and 7 feet high.
It is so rude and unshapely, that the clumsy skeleton of the
elephant and rhinoceros, and even the massive and rugged
bones of the hippopotamus, appear, when placed beside it,
slender and light. It is one of the largest and most massive
of all the fossil quadrupeds hitherto discovered.  Judging
from its structure, its motions seem to have been slow and
dragging; and, with the exception of its claws, it appears to
have been more defenceless than any other of the large quad-
rupeds. The form of the teeth shows that it lived on vege-
tables. Its long claws are supposed to have been used for
digging up the roots on which it is conjectured to have fed.

2. Elephant. The fossil elephant, or mammoth, as it is called
by the Russians, is different from both the species of that
animal at present existing. The alveoli of the tusks are much
larger, and the zigomatic arch of a different form. The
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vacuity between the branches of the jaws at the fore part is
wider, and the lower jaw, instead of terminating in a kind of
pointed apophysis, is rounded off. The tusks are more incur-
vated.

The remains of this animal have been found both in North
America and in Asiatic Russia. Indeed an entire animal
was discovered in the latter country in a state of complete
preservation, having been ‘frozen in the snow. It will be
worth while to transcribe Cuvier’s account of this curious
discovery.

“In the year 1799, a Tungusian fisherman observed a
strange shapeless mass projecting from an ice bank near the
mouth of a river in the north of Siberia, the nature of which
he did not understand, and which was so high on the bank as
to be beyond his reach. Next summer he observed the same
object, which was then rather more disengaged from the ice,
but he was still unable to conceive what it was. Towards the
end of the following summer, in 1801, he could distinctly see
that it was the frozen carcase of an enormous animal, the entire
flank of which, and one of its tusks, had become disengaged
from the ice. In consequence of the ice beginning to melt
earlier and to a greater degree than usual, in 1803, the fifth
year after the discovery, the enormous carcase became entirely
disengaged, and fell down from the ice crag on a sand bank
forming part of the coast of the Arctic Ocean. In the month
of March of that year, the Tungusian carried away the two
tusks, which he sold for 50 rubles, and at this time a drawing
was made of the animal, of which Cuvier got a copy.

“ Two years afterwards, or in 1806, Mr. Adams went to
examine the animal, which still remained on the sand bank on
which it had fallen from the ice, but its body was then greatly
mutilated. The Jakuts of the neighbourhood had taken away
considerable quantities of its flesh to feed their dogs, and the
wild animals, particularly the white bears, had also feasted on
the carcase. Yet the skeleton remained quite entire, except
that one of the fore legs was gone. The entire spine, the
pelvis, one shoulder blade, and three legs, were still held
together by their ligaments and by some remains of the skin,
and the other shoulder blade was found at a short distance.
The head remained covered by the dried skin, and the pupil
of the eyes was still distinguishable. The brain also remained
within the skull, but a good deal shrunk and dried ; and ene
of the ears was in excellent preservation, still retaining a tuft
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of strong bristly hair. The upper lip was a good deal eaten
away, and the under lip was entirely gone, so that the teeth
were distinctly seen. The animal was a male, and had a long
mane on its neck. :

¢ The skin was extremely thick and heavy, and as much of
it remained as required the exertion of ten men to carry away,
which they did with considerable difficulty. More than 30
lbs. weight of the hair and bristles of this animal were gathered
from the wet sand bank, having been trampled into the mud
by the white bears while devouring the carcase. Some of
this hair was presented to the Natural History Museum of
Paris, by M. Targe, censor in the Lyceum of Charlemagne.
It consists of three different kinds; one of these is stiff black
bristles, a foot or more in length ; another is thinner bristles,
or coarse flexible hair of a reddish brown colour ; and the third
is a coarse reddish brown wool which grew among the roots
of the long hair. These afford an undeniable proof that this
animal had belonged to a race of elephants inhabiting a cold
region and now no longer existing, and by no means fitted to
dwell in the torrid zone. It is equally evident, that this
enormous animal must have been frozen up by the ice at the
moment of its death.”

Remote, then, as the period must be when this animal
existed on the earth, still it must have been when the tempera-
ture of the globe was nearly the same all over the surface as
at present.

3. Cervus giganteus, or Irish Elk. This gigantic and
magnificent species is found in a fossil state in Ireland, Isle
of Man, England, France and Germany. There is a complete
skeleton from the Isle of Man in the College museum of
Edinburgh. It is six feet high, nine feet long, and from the
ground to the tip of the right horn nine feet seven inches.
It was imbedded in a loose shell marl, in which were numerous
branches and roots of trees.

4. Ornithocephalus. This is a most extraordinary animal,
found imbedded in limestone at Eichstadt. There are two
species described by Sommering, the longirostris and breviros-
tris. Naturalists are not agreed in opinion to what tribe of
animals it ought to be referred. ~Cuvier considered it as
amphibious, Blumenbach as a bird, Collini as a fish, while
Sommering conceives that it belongs to the mammalia, and
places it near the bats.

5. Man. During the agitation of the diluvial controversy,
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many descriptions appeared of the fossil remains of man, said
to have been found in various places ; but a closer examination
showed that all these supposed fossil human bones belonged
in reality to inferior animals. Thus the famous Aomo diluvii
testis of Scheuchzer was found to be a gigantic fossil lizard.
The fossil bones of Cerigo, so confidently described by Spal-
lanzani as human, are now admitted to belong to quadrupeds.
Human remains, however, have been found in the fissures of
rocks, and in alluvial strata. About the beginning of the
present century, human bones were found in a compact calca-
reous rock in the island of Guadaloupe. The rock is composed
of the debris of corralines and shells, and is obviously of very
recent formation. The annual formation of a similar rock
may be witnessed at present on the Cornish coast.* A mass
of this Guadaloupe rock, containing a well preserved human
skeleton, but wanting the head, was sent home by the French
commander of that island, during the French revolutionary
war, to Paris. The ship containing it having been captured
by Sir Alexander Cochrane, he sent the fossil skeleton to
Lord Melville, who was at that time first Lord of the Admi-
ralty. His Lordship presented it to the British Museum,
where it may still be seen.t

Human bones have been occasionally met with in caverns,
but these remains, in all cases hitherto observed, are compara-
tively recent.

(1.) They have been found encrusted with stalactite in a
mountain limestone cavern at Barrington, in the Mendip hills.
This cave was either used as a place of sepulchre in early
times, or resorted to as a place of refuge by wretches who
perished in it during some of the numerous cases of devas-
tating warfare that occurred in ancient times. The bones
are chiefly deposited on one side of the cavern, as in a sepul-
chre catacomb.

(2.) Two analogous caves occur in mountain limestone in
South Wales ; one at the Mumbles, near Swansea. From
the position of the bones they seem to be the remains of
a number of bodies thrown in after a battle. The other
cavern is also in mountain limestone at Llandebie, in Caer-

# Dr. Paris has given an interesting account of this formation in the first
volume of the Transactions of the Geological Society of Cornwall.

4+ An excellent account, with an engraving, of this fossil skeleton, together
with an account of the rock in which it occurs, drawn up by Mr. Konig,
may be seen in the Phil. Trans. for 1814, p. 107.
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narvonshire. About twelve skeletons were found in it
arranged in parallel rows. This cave had obviously been
used as a place of burial.

(8.) The cavern discovered at Bize, in the Department of
I'Aude, at the foot of the Pyrenees, in 1829, contains also
human bones attached to the rock, and mixed with the bones
of other animals, and of land shells. Some of these bones
belong to two different species of the stag at present extinct;
but other bones are mixed with them of animals still existing,
and also both sea and land shells belonging to species to be
found still in the neighbouring country, and in the Mediter-
ranean sea. With these are mixed fragments of pottery, very
similar to those kinds known under the name of Etruscas
pottery. From these facts it is obvious that the bones found
in this cavern are of two different eras: 1. Those of the
extinct animals are doubtless of the same era as the similar
bones found in the Kirkdale and other caverns. 2. The
human bones, and those of other animals still existing, are
probably of a very remote date, but they must belong toa
period when the face of the earth was similar to what it is at
present.

Human bones have been found also in the caverns of Pondre
and Souvignargues, in the department of Gard, near the mouth
of the Rhone. These caverns exist in limestone of the newest
formation. They are filled with the soft mud to which Buck-
land has given the name of diluvium. It contains the bones
of hyenas, rhinoceroses, stags, &c. precisely in the same state
as in the cave of Kirkdale. The human bones are mingled
with these sparingly, and are described as absolutely in the
same state. Along with them occur also fragments of the
rudest kind of pottery. The human bones, those of the
extinct animals, and the pottery, as far as can be determined
from their position and state, seem all of an age. If any
instance occur of antediluvian human bones, this is one; but
the best description of these caverns which I have seen is
imperfect. A more minute and careful investigation would be
requisite before we can consider a fact of so much importance
as established.*

The celebrated basins of London and Hampshire, first
accurately described by Mr. Webster, belong also to the eocene
period. The London basin is bounded by rising grounds

# Sec the Annales des Mines (second scrics), v. 517,




I e WInF Mgt WM T WL me emo =t

EOCENE FORMATIONS, 91

composed of chalk, except where the sea intervenes, and there
is every reason for believing that the chalk passes beneath all
the tertiary strata of which this basin is composed. The
strata belonging to the London basin have been divided into
three series or groups :—

1. The plastic clay and sand, which is lowest,

2. The London clay,

3. The Bagshot sand, which is uppermost.
The plastic clay, in some places, attains a thickness of 400 or
500 feet. It consists principally of an indefinite number of
beds of sand, shingle, clay and loam, irregularly alternating.
Some of the clay is used in potteries: hence the term plastic
clay has been applied to the whole formation. The beds of
shingle are composed of perfectly rolled chalk flints, with
here and there small pebbles of quartz. Heaps of these
materials seem to have remained long covered by a tranquil
sea. Dr. Buckland, in a part of this formation at Bromley,
observed a large pebble, to which five full grown oyster shells
were affixed in such a manner as to show that they had com-
menced their first growth upon it, and remained attached
through life.*

In some of the associated clays and sand perfect marine
shells are met with, which are of the same species as those of
the London clay. Indeed, the line of separation between the
London and plastic clay is quite arbitrary. In the midst of
the sands of the lower series a mass of clay occurs 200 feet
thick, containing septaria, and replete with the usual fossils of
the neighbourhood of London.

The arenaceous beds are chiefly laid open on the confines
of the basins of London and Hampshire, in following which
we discover in many places great beds of perfectly rounded
flints. This is the case with the hills of Comb Hurst and
Addington, which form a ridge stretching from Blackheath to

-Croydon. Here they have much the appearance of banks of

sand and shingle formed near the shores of the tertiary sea.
Organic remains are extremely rare in the plastic clay, but
when any shells occur they are of the eocene species. Vege-
table impressions and fossil wood sometimes occur, and even
beds of lignite. But the species of none of these plants has
been ascertained.
This formation occupies a greater extent of surface in the

* Geol. Trans. iv. 300.



92 EOCENE FORMATIONS.

south portion of Hampshire than in Essex, Surrey and Kent
For the fullest account of its extent in these places we refer
to Conybeare and Phillips’ Qutlines of the Geology of England
and Wales, and to Mr. Greenough’s Geological Map.

The London clay consists of a bluish or blackish clay, occa-
sionally passing into a calcareous marl, rarely into a solid rock.
Its thickness sometimes exceeds 500 feet. It contains many
layers of ovate or flattish masses of argillaceous limestone,
which in their interior are generally traversed in various
directions by cracks, partially or wholly filled by calcareous
spar. These masses, called septaria, are sometimes continued
through a thickness of 200 feet.

A great number of the marine shells of this clay have been
identified with those of the Paris basin. A list of these has
been given by Mr. Lyell, in the Appendix to the third
volume of his Geology. The list was drawn up by M.
Deshayes from specimens in his own collection.

No remains of terrestrial mammalia have as yet been found
in this clay, but the occurrence of bones and skeletons of
crocodiles and turtles prove the existence of neighbouring dry
land when the clay was deposited. About 800 different kinds
of ligneous seed vessels of plants, some of them resembling
the cocoa nut and other species of tropical regions, have been
found in the Isle of Sheppey in this formation.*

In the London clay 15 species of fossil plants have been
discovered, none of which are recent plants. Of these, twelve
are plants belonging to the cryptogamia class ; two are palms;
and one is a caulinites, described by M. A. Brongniart.

The third and uppermost group, usually termed Bagshot
sand, rests conformably on the London clay, and consists of
siliceous sand and sandstone, devoid of organic remains, with
some thin deposits of marl associated. From these marls a few
marine shells have been obtained, which are in an imperfect
state, but appear to belong to the eocene species common to
the Paris basin. Mr. Warburton collected several, of which
the following are the chief:—The Reading oyster, a Pecten,
a large and small cardium, a pectunculus, nucula margaritaces,
two species of Citherea, a shell resembling solen radiatus, a
tellina, a dentatium, strombus pes-pelecani, calyptraea trochi-
formis in great perfection, and several imperfect turbinated

* Sce an account of these, with figurcs, by Dr. Parsons, Phil. Trans,
1757, p. 396.
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shells. He found also a shark’s tooth, pyritous wood, and
what appeared to be the seed vessel of a plant.*

For an account of the eocene formations in the Isle of Wight
and the opposite coast of Hampshire, we refer the reader to
Mr. Webster’s papers in the Geological Transactions, to
Englefield’s Isle of Wight, to Sedgewick’s paper in the
Annals of Philosophy for 1822, and to Lyell’s papers in the
Geological Transactions, vol. 2d, second series.

Remains of tortoises and the teeth of crocodiles have been
found in the Isle of Wight basin, and more recently bones of
mammalia corresponding with those in the Paris gypsum beds.
In marl, alternating with a limestone quarried for building
near Ryde, the tooth of an Anoplotherium, and two teeth of
the genus Paleotherium, were found. The tooth of the
Anoplotherium was first observed by Mr. Allan, and his dis-
covery was confirmed and extended by Mr. Pratt.{

The British eocene strata are nearly conformable to the
chalk on which they rest, being horizontal where the strata of
chalk are horizontal, and vertical where they are vertical.
The surface of the chalk had been furrowed by the action of
the waves and currents, before the plastic clay and its sands
were superimposed. Thus at Rochester and Gravesend, in
the quarries, fine examples are seen of deep indentations
on the surface of the chalk, into which sand, together with
rolled and angular pieces ofchalk flint, have been swept.t

Mr. Lyell considers the beds in the lacustrine basins of
. Auvergne, Cartal, and Velay, to belong also to the eocene
: period. Many of the extinct volcanoes of that country may
i be of the same age. A portion of eocene formation occurs
also in the Cotentin, and small portions of it are scattered
over the primary deposits in Bretagne.

# See Warburton on the Bagshot sand, Geol. Trans. (2d series), i. 48.

4 Proceedings of the Geological Society, No. 18, p. 239.

1 See Lyell's Geology, iii. 282, and Conybeare and Phillips’ Outlines of
the Geology of England and Wales, p. 62.
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CHAP. VIIL

CHALK FORMATION.

THE chalk, which constitutes so important a feature in the
south of England and the north of France, constitutes the
uppermost of what geologists denominate the secondary for-
mations.

The nature and qualities of chalk are so generally known,
that it is unnecessary to describe it minutely. The best chalk
used for economical purposes is of a pure white, has an earthy
fracture, a meagre feel, adheres to the tongue, and stains the
fingers. It is dull, opaque, soft, has a specific gravity of 23,
and is never crystallized. When pure it contains nothing
but carbonate of lime. Magnesia has been detected in some
specimens of French chalk. Clay and sand are rather com-
mon mixtures in it. Some of the lower beds have a re
colour, probably derived from iron.

In the south of England chalk is occasionally used as 1
building stone. The abbey of Hurley in Berkshire, and it
parish church, anciently a chapel, are said to be built of it
The mullions and arches of St. Catherine’s chapel, nes
Guildford, are of chalk that contains flints. The abbey of &
Omar, ruined during the French revolution, was entirely
constructed of flints, and retains all its beautiful gothic orns-
ments in great perfection.

The chalk formation is usually divided into three beds
namely, the upper chalk, the lower chalk, and the chalk mar,
which is lowest of all.

The upper chalk appears in most places in England, whes-
ever occasional openings have been made in the very large
tract of country occupied by it. The inferior beds may be
traced along the lower regions of the escarpment presented
by the hills of this formation.

The upper chalk is soft, but the lower is much harder, dos
not mark, and is usually distinguished by the name of Aard
chalk. One of the most remarkable circumstances connected
with chalk, is the occurrence of those numerous nodules o
flint which alternate through the greater part of its mam.
They are constantly present in the upper chalk, but rare in
the under chalk, at least in England, for the rule is said not
to hold in France. The chalk which occurs in the county
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“of Antrim, in Ireland, is as hard as common mountain lime-
stone, yet it contains abundance of flints. Hence it was pro-
bably at first in the state of soft chalk, but indurated by the
action of the numerous trap beds which seem to have been

- forced up in that country in a state of fusion.

¢ These flint nodules assume the most extraordinary forms.

i The siliceous matter seems to have been in a state of solution,

;-probably in water, and to have been gradually deposited in

;s aleyonia, sponges, &c., at that time existing in the chalk-

» beds. :

- Veins of flint traversing the regular strata at various angles
"apay be observed generally when any extensive range of
~ehalk cliffs are exposed For example, in the Isle of Thanet,

f:lear Bnghton, and in the Isle of Wight. The flint filling

gmuch veins is usually tabular.

+ The flints which have been washed out from the chalk at a

mote period occur in the various deposits of gravel. From

eir superficial position, and the loose texture of the mass in
hich they occur, exposed for ages to the influence of the
ytmosphere and the percolation of water, they have been much
mltered and have undergone changes somewhat analogous to
vghose which may be produced in them by fire. The black
~golour is rendered less intense, or changed to brown, yellow,
~or red. These different colours are sometimes arranged in

-mones parallel to the outward surface of the pebble.

., The flint nodules often contain cavities lined with tuber-

ssular chalcedony or quartz crystals. Whenever chalcedony
fpccurs in flint, a careful examination will generally detect the

sence of a sponge or alcyonium.

=, Besides flints, subordinate beds of fuller’s earth are occa-

.mionally met with in chalk. The chalk very often contains

amasses of iron pyrltes, varying in size from that of a pea to

-everal inches in diameter. They are usually crystallized,

mnd exhibit when broken a diverging fibrous structure. They

*equently occur cylindrical, and were formerly picked up

-nd preserved under the name of thunderbolts.

". At Bishopton down, near Warminster, in Wiltshire, enor-

zmmous blocks of crystallized carbonate of lime occur in chalk.

-#Dmne of these, weighing 50 cwt., and measuring between 30

amnd 40 cubic feet, was cut into slabs for chimney pieces at

Mr. Noel’s, a stone mason at Warminster.

A brown or blackish brown substance has been observed
woating the chalk in several places in Suffolk. It has some-
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times the appearance of a sooty powder, but is occasionally
fibrous. It is conjectured to be oxide of manganese.

The chalk formation stretches with little interruption from
Flamborough Head, a remarkable promontory on the coast of
Yorkshire, to near Sidmouth, on the coast of IDevonshire,
forming a range of hills often of considerable elevation, and
of which the most precipitous escarpment is generally on the
north-western side. Another range of hills branches from it
in the south of England.

From Flamborough Head the chalk proceeds south as far as
Bridlington quay, but from that to the mouth of the Humber
the coast is alluvial. The chalk hills pass south, constituting
the wolds of Yorkshire and Lincolnshire. They disappear in
the Wash, which is entirely alluvial. Near the shore of the
north western part of Norfolk, the chalk appears again, consti.
tuting a ridge of hills running south about 15 miles, and then
disappears, sinking under the diluvial sand of Norfolk. I
appears again on the north of Thetford, and passes on unin-
terruptedly by Newmarket in Suffolk, a little to the east of
Cambridge, till it reaches Marlborough Downs in Wiltshire,
where it is broken through by the village of Kennet.

In Wiltshire the chalk formation exhibits its greatest extent,
being more than fifty miles long, from east to west, and about
twenty miles broad from north to south.

From this great central mass a branch of chalk hills passes
south-west through Dorset, and bending east, not far from
Dorchester, constitutes the northern part of the isle of Pur
beck, and passing across Alum Bay forms the central and most
elevated portion of the Isle of Wight, extending quite acros
the island, and terminating at the east end in a precipitous
cliff.

Another branch runs almost due east, by Winchester,
Arundel and Lewis, till it terminates in the sea at Beachy-
head.

A third branch runs a little north-east, by Farnham and
Guildford, and terminates by its southern side in the Channel
at Folkestone, west of Dover.

Each of these branches constitutes so many chains of lov
round-backed hills, in general remarkable for their beauty and
fertility. "The number of plants found growing on the chak
is in general greater than on any other soil, and the crops
which it produces, are, in general, excellent.

The isle of Thanet, which is composed of chalk, though
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not far from the north-west chain, is, in fact, unconnected
with it, being separated by a trough occupied by the plastic
clay formation, which lies above the chalk.

The fossils in the chalk beds are numerous, but the variety
of genera and species is not very great, and not one of them
agrees in every respect with animals at present inhabiting the
earth. Hence it was obviously formed at a period indefinitely
earlier than the eocene beds.

The remains of several vertebral fish occur; teeth of a
species of shark, nearest in appearance to those of the squalus
galeus ; two varieties of palate bones belonging to unknown
genera, have been found, not to mention various vertebrae and
scales of fish.

We find in the chalk the following univalve and bivalve
shells: . :

Ammonites. Ostreze.

Scaphites. Pecten.

Belemnites. Terebratule.
Trochus. Majus.

Cirrus. Plagiostoma spinosa.
Turbo. Dianchora lutea.
Serpulze. Inoceramus.
Spirorbes. Balanus.*

The family of echinites may be considered as characteriz-
ing the chalk formation, and the species are at least equal in
number to that of all the shells found in it. The following
table exhibits a list of the zoophytes found in chalk.

Ananchites ovata. .
pustulosa.

Nucleolithes rotula.
Galerites albogalerus.
vulgaris.
— subrotundus.
conoideus.
Spatangus cor-anguinum,
Bufo.
rostratus.
Cidarites vulgaris.
saxatilis.
————~ Konigii.
— corollaris.

# See a table of the different species given by Brongniart in his Tableau
des Terrains qui composent U'écorce du Globe, p. 403.
IT. H
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Cidarites papillata.
Asterias.
Pentagonaster semilunatus.
Pentaceros lentiginosus.
Apiocrinites ellipticus.
Pentacrinites.
Marsupites ornatus.
Milleri.
Caryophyllia cyathus.
costellata.
Turbinolia Konigii.
Alcyonium pyriformis.
Spongia ramosa and many other species.
Choanites subrotundus.
———— flexuosus.
Konigii.
Ventriculites radiatus.
alcyonoides,
The plants found in chalk are:
Confervites fasciculata.
—— egagropiloides.
Fucoides lyngbianus.*

The following subdivisions of the family of echinites fow
in the chalk may be of use to beginners:—

1. Helmet shaped— Echinocorys, Ananchytes.

2. Conical—Conulus, galerites.

3. Heart-shaped— Spatangus.

4. Spheroidal, with the mouth and vent on opposite pol
Lamark has divided them into two gemera. 1. Tuberd
perforated to admit the passage of muscular filaments, whi
assist in the motion of the spines—Cidaris. 2. The tuberd
imperforate; the spines, which are smaller, being moved ]
the contractions of the outer skin only— Echinus.

The substance of sponges, found in such abundance fos
in chalk, consists, as to their interior texture, of a mass of i
terwoven fibres, penetrated by larger pores regularly or irr
gularly disposed. These fibrous reticulations sometimes i
confusedly together, so that the meshes present no regular
determinate figure; sometimes they are regularly disposed
as to give the whole mass a plicated character. Of the i

* This table is taken from Brongniart’s T'ableau des Terrains, beear

. of itsshortness. The reader will find a much more complete list in De
Beche’s Manual of Geology, p. 270.




CHALK FORMATIONS. 99

gularly reticulated sponges at least four genera have been
observed ; namely:

1. Ramifying.

2. Palmated.

8. Turbinated or funnel-shaped.

4. Fig-shaped.

Only fourteen species of fossil plants have been hitherto
observed in the chalk: of these thirteen species are crypto-
gamous plants, eleven being fucoides and two econfervites.
One species belongs to the order of Cycadez, and is there-
fore a dicotyledonous plant.

It has been already mentioned that the chalk formation is
usually hilly ; but the hills are not high. The highest chalk
hill in England, Inkpen, in Wiltshire, is 1011 feet above the
level of the sea. Wilton Beacon, the highest chalk hill in
Yorkshire, is 809 feet high, and various hills in Hampshire,
Kent and Surrey, are nearly as elevated. Near Dover the
chalk with flints is about 480 feet thick, while the thickness
of the chalk without flints is about 140 feet. At Handfast
Point, on the coast of Dorset, the flinty chalk is 600 feet
thick, and that without flints about 200 feet. At Culver Cliff
in the Isle of Wight, the beds of chalk are vertical and extend
about a quarter of a mile or 1300 feet. This may be con-
sidered as the greatest thickness of the chalk in England.

The chalk formation appears to extend over an area of great
extent, occupying the interior of the great European basin,
reaching probably from the banks of the Thames to those of
the Dniester. But the beds cannot be traced continuously
throughout the borders of this area, though this can be done
with the western limits of it in England and France. In the
central parts of Europe it is greatly concealed, partly by the
overlying of the more recent tertiary deposits, and partly by
the vast accumulation of diluvial debris which conceal from
observation ‘the rocks throughout so large a portion of the
north of Germany. '

The northern limit may be traced in the line of the Baltic
in the island of Rugen, where chalky cliffs present themselves
on its northern coast. They occur also on the neighbouring
continent, in Pomerania and Mecklenburg. A small chalk
cliff may be observed near Malmo, in Sweden, crossing to the
opposite coast of Zealand, and including the small island of
Mona on the south. From Mona the line of chalk has not
been traced. It probably traverses Holstein to the mouth of the
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Elbe, where it crosses the German Ocean to Flamborough
Head.

In France the limits of the chalk correspond to the south
coast of England. Its western edge is at the mouth of the Seine.
It proceeds south to Blois on the Loire, where the formations
above the chalk overlie and conceal its southern extremity.
It appears again at Montargis, and turning northwards runs
by Troyes, Rheims and Valenciennes. North of Valen-
ciennes the edge of the chalk appears to trend east, but it is
generally covered by the sandy superstrata of the Netherlands.
It may, however, be seen on the south of Maestricht and at
Henri Chapelle, near Aix.

From a memoir by M. Dufrenoy,* it appears that there is
a large tract of country in the south-west of France and upon
the declivity of the Pyrenees, on the French side, which
corresponds in its fossils with the chalk and green sand of the
north of France and England, and of course belongs to the
same era.

This formation, besides the fossils which chargcterize the
chalk beds, and which have been already enumerated, con-
tains several others peculiar to itself, which have been enume-
rated by M. Dufrenoy. It contains also subordinate beds,
which had never been suspected to exist in chalk ; namely,
beds of fossil wood, of gypsum, of sulphur, and probably also
of rock salt.

The chalk, instead of possessing the softness, and dulness
and opacity, which characterize it elsewhere, is frequently
hard and crystalline. This is the reason why, before the in-
vestigations of Dufrenoy, the district had been referred to for-
mations at least as old as the oolite and new red sandstone.
M. Dufrenoy has elucidated his description by various sec-
tions, exhibiting in detail the structure of the country. .

The chalk appears again in Westphalia, to the north of the
coal fields of Rahn. After an interruption from the alluvia
of the Lippe it appears again in Osnaburg, and forms at the
foot of the Muschelkalk formation, a series of little escarp-
ments.

To the north of the secondary hills of Westphalia, the whole
district is well known to present the appearance of an uniform
and vast sandy heath, covered with a deep accumulation of
diluvial gravel, in the midst of which occur enormous rounded

* Annales des Mines (second series), viii. 175, 821.
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blocks of granite from Sweden. The great mass of this
gravel consists of chalk flints, well marked, and bearing traces
of all the characteristic fossils, At Luneburg the fortifica-
tions are partly constructed of a rock of gypsum, and about a
quarter of a mile hence on the road to Hamburgh, Mr. Cony-
beare, to whom we owe all these details, discovered a chalk
pit which had escaped the attention of former observers. It
contained the usual alternation of flints, and afforded good
specimens of inoceramus, echinites and most of the character-
istic fossils. Professor Buckland and Dr. Boué have traced
the. chalk through Hanover and in the north of Brandenburg.

The quadersandstein which occurs round Dresden, is by
some considered as of the same age as the chalk. Certainly
its fossils show that it cannot be much older.

In Poland the chalk formation constitutes a line of hills
running parallel to the Carpathians. It is finely exhibited
at Cracow. It contains abundance of flints, affords the usual
organic remains, and rests on a bed of green sand. Hence,
passing by Lemberg, it appears to extend to Russia. Here
it occurs in detached points on the north side of the Dniester,
to the north-east of Zaleszyky, between the 25th and 28th
parallels of longitude, east of London.

According to Dr. Clarke, hills of chalk occur at Kasankaiya
on the Don, and the town of Bielogorod, signifying white city,
is said to take its name from the white chalk hills in its neigh-
bourhood ; but Mr. Strangeways is of opinion that the sup-
posed chalk of the Crimea is really a tertiary formation, and
that the localities on the Dniester are the only ones which
are well ascertained in Russia.*

In Ireland a remarkable deposit of indurated chalk forms
the basin of the great basaltic area in the north-east angle of
the island. It contains flints and the same organic remains as
the English chalk.

It would seem, as has been observed by Buckland and
Conybeare, that the induration of the Irish chalk has been
owing to the action of the trap rocks connected with it, which
were probably in contact with it while in a state of fusion.

In Italy the Scaglia, which covers the extreme §econdary
chains of the Alps in the Veronese is considered as a variety of
chalk. It leans against the group of the Euganean hills, near

* Geological Transactions (sccond series), i. 1.
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the mouth of the Po, which appear to have forced it upwards.
Like the Irish chalk it is indurated, and, doubtless owing to
the same cause, being partially covered by the extinct vol-
canoes constituting the Euganean hills.

According to Dr. Boué, chalk occurs also in the basin of
Bohemia and the valley of the Elbe. The formation in this
district known by the name of planer kalk, is, according to
him, really chalk. He notices scattered patches of it in the
valley of the Elbe, in the bottom of a sinuosity in the granite
near Mahles on the east of Meissen; between Plauen and
Strehlod, west of Dresden ; and near Zchist, south of Pirna.

The basin of Suabia and Bavaria appears to exhibit creta-
ceous marls and chloritous chalk, like that of Bohemia, on its
southern border at the foot of the Alps. As, for example,
south of Munich, at Berg, and near Gastein.

I am not aware that chalk has been met with in America,
either on the north or south side of the Isthmus of Darien,
nor has it been observed in any part of Africa or Asia.

AF .y

N e . CHAP. IX.
BE

OF THE GREEN SAND FORMATION.

The formation immediately under the chalk has been de-
nominated green sand (glaucinie by the French), in conse-
quence of the green-coloured particles frequently visible in its
uppermost bed. In Sussex and Kent where this formation is
most fully developed, and where it has been most carefully
studied, it consists of four subordinate formations, which have
been distinguished by the following names, beginning with
the uppermost.

X dls Upper green sand, called also firestone and Merstham
eds. :
2. Galt or blue chalk marl.

3. Lower green sand.

4. Weald clay or ferruginous clay.

1. The upper green sand is a bed directly under the chalk
marl. It consists of marl mixed with green-coloured grains,
which, according to tl\ne analysis of Berthier, are composed of
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Atoms.

Silica, . . 50 . . 25 |
Protoxide of iron, 21 . . 46
Alumina, . . 7 . . 81
Potash, . 10 . . 166
Water, . . 11 . . 977

—

S DWW
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Hence its constitution is KS34-8fS34-2A1S% 4+-6Aq.

In some places this formation is in the state of sand, while
in others it constitutes a stone sufficiently hard for building,
and called in the country firestone.* The transition from the
marl to the firestone, is in many localities so gradual, and the
sandy particles. are so sparingly distributed, that the chalk
marl may be said to repose immediately on the galt. In other
places, however, the characters of the firestone are very pecu-
liar, so much so, that some geologists have deemed them
sufficiently important to rank as an independent formation.

It may be seen very well exposed at Southbourn, a little to
the east of Beachyhead, where it lies immediately under the
chalk marl.

The fossils discovered in this bed, are, with but few excep-
tions, similar to those which are common in the chalk marl,

namely, .
Ammonites varians, Scaphites,
—————— Mantelli, Grypheza vesiculosa,
~ planulatus, Echinus Murchisoni,
Turrilites, Fucoides Targionii.

In attempting to trace this bed through the interior of the
country, we find its course in many localities but obscurely
indicated ; and in some, the prevalence of a few green particles
in the lower beds of chalk constitutes the only evidence of its
existence,

2. Immediately under the upper green sand lies a bed of
stiff marl, varying in colour from a light grey to a dark blue,
and abounding in marine shells, and called galt or gault,t from
a provincial term used in Cambridgeshire. It generally con-
‘stitutes a valley within the central edge of the chalk of Sussex,
Hampshire, Surrey, and Kent, and may be traced with little
interruption from Southbourn to Folkstone, in Kent, near

* Macigno crayeuz of Brongniart.
t Marne bleue de la glauconie of Brongniart.
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which town it forms a cliff, celebrated for the beauty and
variety of its organic remains.

It forms a soil remarkable for its tenaclty, and is usuallv
distinguished by the term dlack land. . It seldom exceeds 100
feet in thickness. It may be traced with little difficulty from
near Loughton Place, six miles north-east of Lewis, almost
round the amphitheatre of chalk hills which encloses the
Wealds of Kent and Sussex, and always under the upper
green sand where that bed can be distinguished. In the more
northern and western chalk districts the galt bed is notso
distinct. In Cambridgeshire it is called galt, in Surrey, malm:

The fossils in this bed are remarkable for their beauty, the
pearly covering of the shells being generally preserved They

consist of

Ammonites, Inoceramus, sulcatus, concen-
Hamites, tricus,

Nautili, Thurbinolia,

Belemnites, Caryophyllia.

Nucule,

The crustacea in the galt are but few. Some of the most
remarkable have been figured by Mr. Mantel. They are

(1.) A species of a new genus of the family Leucosiade,
nearly related to the genus Arcania. The shell, or crust of
the thorax, alone remains. It is of a suborbicular form, rather
inflated, obscurely trilobate, with 12 or 13 aculeated tubercles.
The margin is dentated.

(2.) A species of a genus of the family Carystide. The
shell is oblong, ovate, depressed; the surface covered with
minute granule, the margin bidentated near the front. No
vestiges of the legs, antennz or claws remain.

(3.) A species of the genus Etyus, of the family Cancerida.
Transversely obovate, obscurely trilobate ; the surface covered -
with irregular papillz.

(4.) A species of a genus belonging to the fa.mily Coristide,
intimately related to Corystes. This species is longitudinally
obovate, convex, with a tuberculated dorsal rldge, having s
row of three tubercles on each side. The shell is truncated
posteriorly, and the margin literally tridentated. The abdo-
men is composed of six or seven arcuate segments, and there
are three or four legs on each side.

(5.) Fragments of the abdomen of two species of Astacide.®

* Seec Mantell's Geology of the South-East of England, p. 166.
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3. Lower green sand. This formation is also called shank-
lin sand, because it is very conspicuous at Shanklin, on the
east side of the Isle of Wight. It consists of sands and sand-
stones, of various shades of green, grey, red, brown, yellow,
-and white, with subordinate beds of chert, limestone, and
. fuller’s earth. These beds are but obscurely seen in the east
: “of Sussex; but as we proceed towards the west they gradually
. rise into hills of considerable altitude, and form a striking
¢ feature in the physical geography of the country. These
: beds admit of a triple division, as was first shown by Dr.
1 Fitton.*
i+ ~ The first or upperniost consists of sand with u-regular con-
. cretions of limestone and chert, sometimes disposed in courses
i oblique to the general direction of the strata. The top of
, this sand in the vicinity of Folkstone and Hythe, forms an
extensive plateau, resembling that of the Blackdown range of
" hills in Devonshire.
. The second consists chiefly of sand, but in some places is
so mixed with clay, or with oxide of iron, as to retain water.
¢ It is remarkable for the great variation in its colour and con-
¢ sistency.
i  The third and lowest group abounds much more in stone;
; the concretional beds being closer together and more nearly
i continuous,
In the south-eastern parts of Sussex, this formation occupies
- but an inconsiderable extent on the surface, and in many
& instances, a few insulated hillocks are the only indications of
|
:}

its presence. In Kent and Surrey, the lower green sand
'occupies a more considerable space, Hythe, Maidstone, Seven-
oaks, Tilvester hill, Riegate, and Godalmine, are situated in

' it.. In the Isle of Wight, it constitutes a very considerable

. portion, interposed between the chalk hills which traverse

- that island towards the north and the undercliff on the south.
Shanklin and Sandown bay constitute its termination on the
east. In the other parts of England, near the chalk hills, it
has not been so accurately distinguished.

The only remains of the higher animals hitherto found in
this formation, are a few teeth of fishes, both of a conical and
lanceolated shape. The shells are very numerous. A pretty
copious list of them has been given by Mr. De la Beche, in
his Manual of Geology.}

* Annals of Philosophy (2d series), viii. 365. 1 Page 303.
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In Parham park, casts of univalves and bivalves, particularly
of trigonise, gervillize, and rostellariz, are found in perfection
in the indurated blocks of ferruginous sand. Many new
species have been discovered by Mr. Martin in the middle
and lower group of sands in the vicinity of Pulborough.
Among these are

Mya mandibula, Pholadomya,
Trigonia spinosa, Lenia,
Nucula impressa, Lucina,
Mytilus edentulus, Modiola, &e.

4. Weald clay. The term wealden was suggested by Mr.
Martin, to designate the strata which, in the south-east of
England, are interposed between the lower arenaceous beds
of the sand formation and the Portland oolite.

Taken in a general view, this formation may be considered
as a series of clays and sands with subordinate beds of lime-
stone, grit, and shale, containing fresh water shells, terrestrial
plants, and the teeth and bones of reptiles and fishes; uni-
valve shells prevailing in the upper, bivalves in the lower,
and saurian remains in the intermediate beds. The state in
which the organic remains occur, showing that they have been
subject to the action of river currents, but not to attrition
from the waves of the ocean. The district of this formation
may be described as an irregular triangle, the base extending
from near Pevensey in Sussex, to Seabrook in Kent, and the
apex being situated in Western Sussex, near Harting Combe.

Mr. Mantell has divided this formation into the three fol-
lowing subordinate ones.*

1. Weald Clay. i

It constitutes a stiff clay of various shades of blue and
brown, with subordinate beds of limestone and sand contain-
ing septaria. The fossil remains in it are

Poludinee, Bones of reptiles, rare,

Cypris faba, cyclides, Scales and bones of fishes.

It may be seen in the Wealds of Sussex, Surrey, and Kent,
forming the vale between the Downs and the Forest ridge.

2. Hastings Beds.

a. Horsted Sand.

Grey white, ferruginous, and fawn-coloured sand and fria-
* Geology of the South-East of England, p. 182,
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ble sandstone, with abundance of small portions of lignite.
This sand contains traces of carbonized vegetables.

b. Strata of Tilgate Forest.

Sand and friable sandstone, of various shades of green, yel-
low, and ferruginous ; surface often deeply furrowed.

Tilgate stone, very fine compact, bluish or greenish grey,
grit, in lenticular masses, surface often covered with mamil-
lary concretions; the lower-beds frequently conglomerate,
and containing large quartz pebbles.

Clay or marl, of a bluish grey colour, alternating with sand,

. sandstone, and shale.

The fossils are rarely bones and shells, ferns, and stems of
vegetables.

c. Worth Sandstone.
White and yellow friable sandstone and sand. The fossils

. are ferns and arundinaceous plants, lignite, &c.

3. Ashburnham Beds.
A series of highly ferruginous sands, alternating with clay

- and shale, containing ironstone and lignite. The fossils are

ferns and carbonized vegetables.

Shelly limestone, alternating with sandstone, shale and
marl, and concretional masses of grit.

The fossils are Cypris; shells of the genera cyclas and
cyrena; lignite and carbonized vegetables.

1. Weald clay. This formation is remarkably favourable to
the growth of the oak. Its out crop forms a valley between
the lower green sand on the one hand, and the forest ridge on
the other, throughout the northern and north-western division
of the southern denudation of the chalk. But in the south-
eastern part of Sussex, where the lower green sand is scarcely
seen on the surface, it constitutes a valley at the foot of the
northern escarpment of the Downs, its beds of limestone and
sandstone forming longitudinal ridges.

The Sussex marble, so strikingly characteristic of the Weald
clay, occurs in layers that vary from a few inches to a foot or
more in thickness, and are separated from each other by seams
of clay, or of coarse friable limestone. It is of various shades
of bluish-grey, mottled with green and ochre yellow, and
is composed of the remains of fresh water univalves, formed
by a calcareous cement into a beautiful compact marble. It
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bears a high polish, and is elegantly marked by sectionsof |
the shells which it contains. Occasionally a few bivalves
(cyclas) occur, and the remains of the minute crustaceom
coverings of the Cypris faba very constantly.

It is frequently found in blocks or slabs sufficiently large
for sideboards, columns, or chimney pieces, and few ancient
residences in Sussex are without them. They were used in
the time of the Romans; and in the early Saxon times they
were placed in the upper arcades of Cathedral churches, asat
Canterbury and Chichester. Another general use was for the
slabs of sepulchral monuments. Most of the principal Gothic
edifices in England contain slabs or pillars of Sussex marble.

The shells in it belong to the genus paludina, the recent
species of which inhabit fresh water. The remains of the
Cypris faba are found also in a fresh water limestone in
France. Sussex marble has been found in almost every part
of the Weald clay.

The following table, drawn up by Mr. Mantell,* exhibits
the most remarkable fossils found in the Weald clay :—

Fossils, Localities.
Scales and bones of fishes ap-
parently of a very small Resting-oak hill.
species.

Bones of saurians.
Tooth of crocodile. Swanage bay, Isle of Wight
Cypris faba. In the marble and septaria.
Paludina fluviorum. In the marble.
extensa. Ibid.
elongata. Resting-oak hill.
. Cardium turgidum. Swanage bay.
Melanea attenuata. Ibid.
— tricarinata. 1bid.
Cyclas membranacea. Resting-oak hill.
Pinna. Swanage bay.
Venus. Ibid.
Potamides? - Shipley, near Cowfold.

2. Hastings beds. The alternating sands, sandstone and
shale which form the central group of the Weald are distin-
guished by Dr. Fitton by the name of Hastings beds, because
the cliffs in the neighbourhood of Hastings present the most
instructive and extensive section that can be obtained..

* Mantcll's Geology of the South-cast of Eugland, p. 188.
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. They extend from Bexhill, in Sussex, to Ham Street, near
Aldington, in Kent, forming a line of irregular cliffs about 40
miles in length, and from 20 to upwards of 600 feet in height.
Crowborough hill, near Tunbridge Wells, which is the highest
point in the range, is 804 feet above the level of the sea.

The Tilgate beds consist of irregular alternations of sand
and sandstone, and lie immediately under the Horsted beds.
.The lowermost stratum of these contain large concretional or
lenticular masses of a compact calciferous grit or sandstone,
. which was formerly quarried in the neighbourhood of Tilgate
and St. Leonard’s forests, near Horsham. These strata were
first described by Mr. Mantell in 1822. There are three or
four layers of the Tilgate stone varying in thickness from two
- inches to two feet each. They rest on blue clay and shale,
which separate them from the next subdivision. . They are
the principal repository of the Saurian remains of the waters
~ which deposited the Hastings sands, and are therefore by far
the most interesting strata of the formation. They extend
from its western extremity at Loxwood, to Hastings, where
they occupy the upper part of the cliffs.

The blue clay which supports the Tilgate beds is succeeded
by a series of arenaceous strata, some of which afford a fine
soft building stone, whieh is extensively dug at Worth, near
Crawley. It is for the most part of a white or fawn colour,
and occasionally contains leaves and stems of ferns and other
plants. The Worth sands occur in great force at Hastings,
occupying the middle of the cliff.

8. The Ashburnham beds occupy the base of the eliffs at
Hastings, and appear in many places in the interior. They
are succeeded by beds of shelly limestone, alternating with
shale, and including layers of a fine grit, precisely similar to
the Tilgate stone. This bed abounds with carbonized vege-
tables (ferns ), casts of bivalves and other organic remains.*

Mr. Mantell has described and figured the principal fossils,
both vegetable and animal, found in the Wealden strata.
Indeed, for the knowledge of not a few of these fossils we are
indebted to Mr. Mantell himself. The principal vegetable
impressions are of the following plants :—

1. The petrified trunks of large plants, belonging to that
tribe of vegetables which is so common in the coal beds, and

# For a minute description of the different Wealden strata, the readeris
referred to Mr. Mantell's Geology of the South-East of England, which is
chiefly occupied with an account of these interesting beds. -
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which seem to hold an intermediate place between the Equisea
and the Palms. Of these the most interesting is the
Clathraria Lyellii, figured by Mr. Mantell in his first plte.
Endojinites erosa, also figured by Mantell in his first plat,
2. Cycadites Brongniarti, figured by Mantell, p. 238.
henopteris Sillimani .
M i’hil!lril;:ili’, } Figured by Mantell, p. 239.
Mantelli, Ibid. p. 241.
Lonchopteris Mantelli,  Ibid. p. 2483.

Lycopodites ?
Calamites ? b
Equisetum Lyellii, Ibid. p. 248. k
Carpolithus Mantelli,  Ibid. p. 246. 0
The shells described by Mantell are :— b
Paludina elongata, Neretina Fittoni, "
carinifera, Psammobia, &
fluviorum, Cypris faba.* k
Cyclas membranacea, b
media, % Mantell, p. 249.
Melanopsis, or Melanca,

Unio antiquus,
compressus, } Ibid. p. 250.

aduncus,
—— porrectus,

Psammoben, Mantell, p. 248, fig. 6.

Mytilus.

The remains of fishes in the Wealden beds consist of de
tached bones, teeth, scales, and fins. In some rare cases the
scales and skeleton lie in juxta position. These are referred
by Mantell to the

- o= = e

Lepisosteus Fittoni.

The remains of various species of turtles, both fresh water
and marine, have been discovered in the strata of Tilge
Forest.

Teeth of the crocodile have been found in Tilgate Forest
They are figured by Mantell, p. 261.

Scales resembling those of the alligator.

Megalosaurus Bucklandi.

Iguanodon. The teeth, vertebrs, and horn of this animl
were discovered by Mr. Mantell in the coarse conglomerst
of the forest as early as 1822, and he has given an interestis

i
v
I
¢
k
b

=. > = = =

* All figured by Mantell, p. 248.
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wecount of the remains of this extraordinary reptile, which
seemingly fed upon vegetables.* Nothing like a perfect
ikeleton of this remarkable animal has hitherto been found.

. Plesiosaurus, probably dolichodeirus, the same as occurs in
the lias.

Bones of a bird, probably of a species of ardea.

* Megalosaurus. Teeth,

Cylindricodon. Teeth.

Hyleosaurus.+

"Traces of the green sand formation may be observed under-
ying the escarpments of chalk in Yorkshire. It appears very
lecidedly in the vale of the white horse in Berkshire, near
Childray and Wantage. Hence it may be traced through
he counties of Wilts and Dorset. In Wiltshire it frequently
onstitutes a secondary range of hills standing in advance of
hose of the chalk formation, and nearly rivalling them in
eight. This is the case at Warminster and Stourhead. It
orms also the vales of Pewsey and Wardour.

On the confines of Dorset and Devon, it presents many
igh and insulated masses, constituting outliers. In this way
; forms the extensive table-land of Blackdown, which stretches
ar into the west, covering a great part of the eastern district
f Devonshire. Still farther west and beyond Exeter we
iave another outlying mass of this formation, capping the
ong range of Haldon Hill, which is divided only by an in-
ermediate valley from the granite of Dartmoor.

On the continent the green sand formation may be seen on
he coast of France opposite to Kent. The western bound-
ry is near Havre and Honfleur, and the eastern boundary at
Valenciennes, where the green sand assumes a conglomerate
tharacter, and is known by the name of Tartia. This tract
was been described by Omalius d’Halloy under the name of
ower chalk.

On the northern borders of the Alps, the highest beds of
he exterior calcareous chain consist of a dark coloured lime-
itone, often mixed with sand and green particles, and agreeing
n its fossils with the green sand formation in England.
Similar beds, and in a similar position, are described as occur-
ing on the skirts of the Maritime Alps of Nice.

® P. 269. See also Phil. Trans., 1825, p. 179.

4 An interesting description (with figures) of the skeleton of this animal,
liscovered by Mr. Mantell in the sandstone of Tilgate Forest in 18382, will
re found in his work so often referred to, p. 331.
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The quadersandstein of Saxony is considered by some to
belong to the green sand formation; but the more genenl
opinion is that it constitutes a bed in the oolite formation.

M. Thirria describes a considerable superficial deposit of

clay with pisiform iron ore in the department of the Hante
Saone, part of which he considers as referrible to the grea
sand. -
M. Brongniart notices among the cretaceous rocks of the
Isle d’Aix, and the embouchure of the Charenti, a marl which
he refers to the Wealden clay, containing nodules of amber,
pieces of lignite, and silicified wood, in which holes formed
by some perforating animal are replaced by agates.®

According to Professor Pusch, there is a ferriferous deposit
in Poland, situated between the Jura limestone and the creta-
ceous rocks, which may be considered as the equivalent to
the Weald clay and iron or Hastings sand of England. He
gives a detailed description of this formation in the second
volume of the Journal de Géologie.

The fossil plants hitherto met with in the green sand
amount only to seven species. Of these five species are
monocotyledonous, namely, four species of zosterites and one
species of clathraria. Two species are ferns, namely one
species of sphenopteris and one of lonchopteris.

~

CHAP. X.
GREAT OOLITE FORMATION.

Tnis formation is of great importance, not only on account
of the space which it occupies, and the numerous beds of
which it is composed, but because it was first made out in al
its subdivisions in Great Britain. For this most important
step in geology we are in a great measure indebted to the
sagacity of Mr. Smith, who first determined the beds, pointed
out their distinguishing characters, and even distinguished
them by name.

This formation begins in Yorkshire, a little to the south of
the Tees, and extends southwards along the sea coast as far
as the Wash in Lincolnshire, a breadth of about ninety miles.

* Tableau des Terrains, p. 217.
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But in the interior of the island its breadth scarcely exceeds
thirty miles. From the sea coast of Yorkshire it passes in a
south-westerly direction to the south of England, and reaches
the sea on the coasts of Devon and Dorset, its western ex-
tremity being not far from Sidmouth, and its eastern the Isle
" of Purbeck, constituting a breadth little short of forty miles.

This great tract of country is composed of a series of
oolitic limestones, of mixtures of sand and limestone, of clay
. and marly beds alternating with each other, and generally
; .-repeated in the same order. When we cross over this
formation, travelling from south-east to north-west, we may
observe, that it consists of three series of low hills running
parallel to each other, and separated by considerable valleys.
These three chains naturally divide the formation into three
parts or systems, which are distinguished by the names of

1. Upper oolite.
2. Middle oolite.
3. Lower oolite.

The three intervening valleys are occupied by clays, or cal-

-careous clays, which are distinguished by the names of
1. Kimmeridge clay.
2. Oxford clay.
3. Lias limestone.

This great formation is remarkable for the numerous fossnls
which it contains.

Impressions of no fewer than 43 species of plants have been
enumerated. Of these 27 are cryptogamous plants, namely,
22 ferns and 1 equisetaceous species, 1 lycopodiaceous, and
-3 fucoides ; 4 are cycadee, 1 Bucklandia, 9 coniferee, and 2
not well determined. Two of these, namely,

Zamites Bechii,
Bucklandi,
have been observed at Lyme Regis, in Dorsetshire.

20 have been observed in the coal beds near Whitby, which
occur in the lias, the lowest bed of the great oolite formation.
8 have been met with in the same beds at Hir, in Sweden,
and 4 in Bornholm. The most remarkable of these are the

following :—
Glossopteris Nelsoniana, Lycopodites patens,
Pecopteris Agardhiana, Culmites Nelsonii,
Clathropteris meniscoides, Pterophyllum dubium,
Tzeeniopteris vittata, Nelsonia brevis.*

* An interesting description of the vegetable fossils in the coal beds in
II. I
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The remaining vegetable impressions have been observed
at Neuewelt Stutgard, or in France.

In the undermost beds of this formation corals are rare, one
tribe only, the turbinolia, having been met with. But sevenl
species of pentacrinite and echinus occur in the lias limestone.

Higher up in the series among the oolite limestones, we
meet with alcyoniz and a variety of corals. Indeed thereis
one bed almost entirely composed of corals, and on that
account distinguished by the name of coral rag. The crinoid
family is rather conspicuous in the oolite. Among othem
may be mentioned the pentacrinites caput Meduse and suban
gularis. Species of the genera conulus, cidaris, echinus, and
clypeus of the echinus family are met with, and more rarely,
fragments of crustacea.

A very considerable number of shells, both univalyes and
bivalves, occur in this formation. A list of 199 species,
together with the localities where each was found, has been
given by Brongniart in his Tubleau des Terrains. But by far
the most complete list is given by De la Beche in his Manual
of Geology. He enumerates 42 species of plants, 327 species
of zoophites, 748 species of shells, 34 species of reptiles,
besides several insects and fishes whose species have not been
determined.

The remains of fish are not uncommon in the lower beds of
this formation, but they are always in a very imperfect state.
I am not aware that any of them has been referred even toa
genus, except the Dapedium politum, described by De b
Beche as occurring at Lyme Regis.

In this formation the bones of several oviparous quadrupeds
make their appearance, and no quadrupeds are met with lower
down in the series. ‘They consist mostly of the remains of
amphibious quadrupeds, which are capable of living both on
land and in water. These are the remains of turtles and of
various species of animals belonging to the genus lizard, but
differing in structure from all the species at present known to
exist, and in such particulars as must have fitted them to live
entirely in the sea. These are the Ichthyosaurus, Plesiosaw
rus, and Megalosaurus. The last must have been an animal
of prodigious size. A skeleton of one, 40 feet long, has been
found at Stonefield.

the south of Sweden, which seem to belong to the lias formation, may be
seen in the Kong. Vet. Acad. Handl. for 1828 and 1824.




GREAT OOLITE FORMATION. 115

Four species of Ichthyosaurus have been found at Lyme
Regis, namely,

Ichthyosaurus communis,
———— plytyodon,
tenuirostris,
. intermedius.

The plesiosaurus dolichodeirus has been met with at the

same place. And the

Plesiosaurus carinatus,
pentagonus,
trigonos,
have been found in the north of France.

The bones of a well characterized crocodile have been met
with at Boll in Wirtemberg, namely, the crocodilus Bollensis.
- It has been met with also in England. It is a different spe-
. cies from any of the crocodiles at present existing. -
©  But the most singular fact is the occurrence of the bones of
¥ & species of didelphis, or opossum, in the Stonefield slate near
. Woodstock, in Oxfordshire. The opossum tribe has been
observed only in America and New Holland, and never in
any part of Europe, Asia, or Africa.

The Stonefield slate, so abounding in curious petrefactions,
contains also legs and thigh bones, apparently belonging to
birds. But even the genus to which they belong has not
been determined.

Two or three species of coleopterous insects (at least so
pronounced by Dr. Leach) have been met with also in Stone-
field slate. In the same slate occur several vegetable impres-
-sions, principally flags, ferns, and mosses. The most charac-
teristic shell in the Stonefield slate, is a small studded #ri-

From these petrifactions, there can be little doubt that the
great oolite formation was formed at the bottom of the sea.
At the time of the deposition of the beds, the sea was inhabited

‘by fishes and zoophites. It would appear also, that some
enormous amphibious animals, now extinct, at that time ex-
isted.

The great oolite formation, then, marks a remarkable erain
the history of the earth—the period when amphibjous ani-
mals began to exist, and when the opossum tribe, and also
birds, began to make their appearance. We must now take a
more particular view of the different beds of which this great
formation is composed. '
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1. Upper Oolitic System.

This subdivision of the oolite may be divided into three
subordinate formations; namely,

1. Argillo-calcareous strata of Purbeck, which constitutes
the highest of the oolitic series.

2. Oolitic strata of Portland, Tisbury, and Aylesbury.

3. Kimmeridge clay—Oaktree clay of Smith.

(1.) The Purbeck beds, so called, because they are bes
seen at Purbeck in Dorsetshire, to the west of the Isle of
Wight, consist of many thin strata of argillaceous limestone,
alternating with slaty marls, and forming an aggregate of
more than 300 feet in thickness.

The Purbeck stone consists chiefly of shells (principally
the helix vivipara), partly whole and partly in a state of com-
minution, imbedded in a calcareous cement, which is some-
times very pure and crystallized, and sometimes in a state
approaching to indurated marl. These beds are separated by
others entirely without shells, and also by layers of shale and
marl, the shivery nature of which allows the stone to be quar-
ried with great ease.

The stone well known by the name of Purbeck marble, and
which was formerly much used in the Gothic churches in the
south of England, for columns and monuments, was nearly
the uppermost of these beds, and differs from the common
Purbeck stone only in the purity of its calcareous matter, and
in the shells being more entire. It is’ almost identical with
the Petworth marble, but is now out of use, and the quarries
are filled up and scarcely known.

Beautiful impressions of fish are frequently met with by
the quarrymen, between the laminz of the limestone, and
abundance of fragments of bones, some of which belong to the
turtle. Mr. Johnson ef Bristol, possesses a very perfect heal
of a crocodile found in Purbeck, but it is not quite certain
whether it belongs to the Portland or Purbeck beds.

The thickness of the beds at Purbeck is about 291 feet
And the greatest thickness of the upper oolitic system is about
1011 feet.

- The Portland beds first make their appearance in Bucking-
hamshire. They appear very conspicuous in the upper part
of ‘Shotover hill, near Oxford, immediately under the Hast-
ings or iron sand, which constitutes the summit of the hil
At the foot of the ridge, at Shotover, the Kimmeridge clay
makes its first appearance near the village of Headington.
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The, beds may be traced south till they are lost by a thick
covering of chalk in Wiltshire. On the south side of the
chalk, an opening between Stourhead and Shaftesbury again
exposes the subjacent strata. From this they may be traced
till they terminate on the sea coast, in the isles of Portland and
Purbeck, which constitute the southern extremity of Dorset-
shire. At Fonthill, Chilmark, and Tisbury, these beds have
been much disturbed, and instead of their usual horizontality,
have been greatly raised, and dip to the north and east at an
angle of 40°.

(2.) The second member of the higher oolitic system is the
Portland stone. This formation consists of several beds of
coarse earthy limestone. The different beds often vary in
their characters; nor are the same beds of an uniform texture
in different localities.

The calcareous rocks are most commonly a fine-grained
white oolite, or a loose granular limestone of earthy aspect,
and of various shades of yellowish-grey; and more rarely a
compact cretaceous limestone, having a conchoidal fracture.
In Wiltshire and Dorset, many of the beds contain layers of
chert, alternating with them, like the flints, in the chalk for-
mation. The lower beds are very sandy and often very
abundant in green particles.

The more oolitic varieties, principally quarried in the Isles
of Purbeck and Portland, afford most of the stone used in
London for architectural purposes.

The uppermost beds in the Isle of Portland, consist of an
oolitic rock, and they are numerous. That which appears on
the summit, and is called the cap, is of a yellow colour and
porcellaneous character. It is only burnt for lime. The
next bed is worked for sale, being the best building stone.
Those below this bed contain numerous casts of shells that
injure the stone, which is only used for coarser purposes ; and
with these beds others alternate, consisting of chert.

The whole thickness of these beds is about 120 feet.

The remains of fish are occasionally met with in the Port-
land beds. The following table exhibits a list of the principal
shells occurring in this formation :—

Ammonites triplicatus, Natica,
~ giganteus, Solarium conoideum,
———————— Lamberti, Trochus,
——— Nutfieldiensis, Ostrea expansa,

Turritella, Crenatula,
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Pecten lamellosus, Nerita sinuosa,
Trigonia clavellata, Unio,

gibbosa, Cardita,
Astarte cuneata, Cyclas,
Lutraria ovalis, Venus.*

Of these shells the Ammonites triplicatus, and pecten
lamellosus, are most characteristic.

No other zoophitical remains are mentioned, than those of
a beautiful aggregated madrepore, specimens of which, im-
bedded in a semitransparent chert, occur at Tisbury in Wil
Large fragments of wood are common.

. (3.) Kimmeridge clay. 'The beds of this formation consist
of a blue slaty or greyish-yellow clay containing selenite.
But it sometimes contains beds of highly bituminous shale;
as, near Kimmeridge, on the coast of the isle of Purbeck,
where it is used as fuel, and has obtained the name of Kimme-
ridge coal. The beds are finely displayed near that place.
They are also well exposed on the coast of the isle of Port-

land. . '

Near Smedmore, in the parish of great Kimmeridge, is
found, what the country people call coal money, generally on
the top of cliffs, two or three feet below the surface, enclosed
between two stones set edgeways, and covered with a third.
Along with the coal money, there is always the bones of some
animal. The pieces called coal money, are from two to three
inches and a half in diameter, and a quarter of an inch thick;
round, on one side flat and plain ; on the other, convex with
mouldings. On the flat side there are two, sometimes four,
small holes, probably the central holes by which they were
fixed to the turning lathe. They are supposed to have been
either amulets or money. There has also been found in the
neighbourhood, a shallow bowl of Kimmeridge coal, six inches
high and as many in diameter, containing coal money.

The Kimmeridge clay beds, where thickest, which is on
the shore of the isle of Purbeck, are about 600 feet in thick-
ness; but they thin out as we proceed north. Near Oxford
the beds are only 100 feet thick. Farther north they disap-
pear altogether.

Remains of the ichthyosaurus and plesiosaurus have been
found in this formation, at Kimmeridge and Headington.
The shells observed in it are the following :—

* Conybeare and Phillips’ Geology of England and Wales, p. 175.




GREAT OOLITE FORMATION. 119

Nautilus, Trigonia clavellata,
Ammonites, 5 species, Venus,
Belemnites, Moediola,
Trochus, Cardita,
Turbo, Cardium,
Melania Headingtoniensis,  Mactra,
Ostrea deltoidea, Tellina,
——— cristagalli, and three Chama, 2 species,

other species, Avicula,
Astarte lineata, Pecten,

ovata, Terebratula,

Trigonia costata, Serpulee.*

Of these shells, the ostrea deltoidea appears to be the most
characteristic. The water in this formation is deficient, and
of bad quality.

i-2. Middle oolitic system.

The thickness of the congeries of beds, which constitutes the
middle oolitic systein, is between 500 and 600 feet. It con-
stitutes the second range of hills, together with the valley
situated between that range and the third range of hills.
Like the preceding, it may be divided into three subordinate
beds ; namely,

1. Coral rag,
2. Calcareous sand and grit,
8. Oxford clay, or clunch clay of Smith. .

It will be more convenient to consider the first two of these
beds together, as they are, in fact, intermingled. They con-
stitute a series of beds, occupying a thickness of from one to
two hundred feet; in the upper part of which, the calcareous
matter, and in the lower, the siliceous, prevails.

The coral rag, properly so called, occurs principally towards
the middle of the series. Such, at least, is the disposition of
the beds near Oxford, where they have been most attentively
examined. ' And it has been ascertained, that the same order
prevails in Wiltshire.

The upper calcareous beds, are a calcareous freestone, of
tolerably close texture, full of shells comminuted into frag-
ments, generally too small to admit the determination of the
genus; more or less oolitic, frequently very indistinctly so ;
but occasionally passing into beds, in which the oviform grains

* Conybeare and Phillips’ Geology of England and Wales, p. 178.
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are much larger than in any of the other oolites. The colowr
of all these beds is of a yellowish white, becoming palestin
the most oolitic, and passing occasionally into shades of light
grey. It affords a tolerable building stone, but far inferior to
the oolites of the uppermost and undermost. systems. Oxford
has to regret her vicinity to this formation, as it has had rather
an injurious effect upon the beauty and durability of her splen-
did buildings. It is a tolerable limestone, but contains from -
one-tenth to one-third of sand.

The coral rag which lies under this freestone, consists, s
its name imports, of a loose rubbly limestone, mingled with,
and often almost entirely made up of, a congeries of aggre-
gated and branched madrepores. Two or three irregular courses
of this rock intervene between the freestone and the inferior
sandy beds. They often assume a marly character, and
grey colour: they are used for lime, and for mending the
roads.

The sandy, or, rather, siliceo-calcareous beds, consist of a
thick deposit of yellow-coloured quartzose sand, usually con-
taining about one-third of calcareous matter, and traversed by
irregular strata, and concretions of indurated calcareo-siliceous
gritsone. These rest immediately on the subjacent Oxford
clay, and may be traced through the whole escarpment of the
hills composed of this formation, supporting the coral rag and
freestones. It is in the calcareous grit of this sand that the
fossils of this formation occur in the greatest plenty, and
especially in the beds immediately beneath the coral rag beds.
The ostrea gregaria characterizes the sand generally.

Iron is generally abundant throughout the sand; so much
so, as frequently to give it a red colour.

This formation appears first on the east of Oxford, where it
forms the elevated platform rising on the south-west of Otmoor,
and occupying the interval between the confluence of the
Charwell and Thame with the Isis. This platform supports
the still higher ridge of Shotover hill, composed of the upper
system of oolite. The whole of its surface, which extends
about five miles from east to west, and seven from north to
south, is covered with quarries, of which the principal are those
of Headington, two mniles east of Oxford, at the foot of the
high ridge of Shotover, in which the junction of the beds of
this formation, and the Kimmeridge clay, which lies above
them, is well displayed.

This formation passes regularly from a little north of Oxford,
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B as far south as Frome, in Somersetshire. It terminates a little
g0 the east of that town, between the counties of Somerset and
s Wilts.
ri  The remains of vertebral animals are scarce in this forma-
m. Yet vertebra of the Ichthyosaurus have been found in
beds of calcareous grit. The shells are numerous, espe-
y mlthe beds of calcareous grit. The following are the
cipal :—

Ammonites, 5 species, Serpula,
g Nautilus, Ostrea gregaria, cristagalli,
#¢ Belemnite, Pecten fibrosus,
d¢. Melania, Chama,
w& Turbo muricata, Trigonia,

e Helix, Lima rudis,

“"Trochus bicoronatus, Lithophaga,

Ampullaria, Mytilus,

‘Turritella, Modiola.

sy Fragments of fibrous shells are common, but not sufficiently
¢ perfect to be made out. Many beautiful echinites occur in

ay this formation. The most remarkable of which are

= Cidaris, 3 species,

i Clypeus, 2 species.

i It isin this formation that the clypeus first appears, never
ay being found in any formation situated above it.
~ Madrepores are abundant in this formation; but in those
~f above it they are few and scarce. The chief are
* Caryophyllia, 2 species,
: Astrea, 8 specxes
" Fossil wood is often found in the calcareous grit belonging
. to this formation.
e (3.) The Ozford or clunch clay forms the valley which
r 8eparates the middle oolite from the inferior range. It includes
subordinate beds of limestone, called Kelloway rock.

It consists of very thick beds of a tenacious and adhesive
clay, of a dark blue colour, becoming brown on exposure, and
containing argillo-calcareous geodes and septaria. These
latter are often called turtle stomes. The clay beds are often
mixed with calcareous, and sometimes with bituminous, matter,
affording, in the latter case, an inflammable shale, which has
led to various unsuccessful searches for coal.

In 1787, this formation was bored through near Boston, in
Lincolnshire, in sinking a well. It was 478 feet thick. At
the village of Donnington, six miles west of Louth, in Lincoln-

A
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shire, it was penetrated to the depth of 309 feet, in search of
coal. The beds were forty-one in number, and consisted of
alternations of clay, bituminous shale, and ironstone. In some
beds the clay was indurated, in others soft.

The lower portions of the formation occasionally contan
irregular beds of limestone. These have been noticed chiefly
at Christian Malford, and Kelloway bridge, near Chippenham,
in Wiltshire; and from the latter locality have been called
Kelloway rock. This stone occurs in irregular concretions,
the exterior aspect of which is brown and sandy ; the interior
being harder, and of a bluish colour. It consists almost
entirely of a congeries of organic remains, among which sevenl
varieties of ammonite are predominant. The beds of clay
which cover this rock, abound in selenite, and below it are
found a brown aluminous earth, and bituminous wood. Beds
of clay separate the Kelloway rock from the oolites.

This formation appears on the sea-shore at Yew Nab, near
Filey bridge. It is probable that the greatest part of the clay
vale lying along the Yorkshire Derwent, as far as New
" Malton, and lying between the chalk and the oolites, belongs
to this formation.

South of the Humber it may be traced in a southern direc-
tion through Lincolnshire, following the course of the fens
along the Ancholme navigation, and the Witham river ts
Boston. It forms the substratum of the western part of the
Cambridgeshire fens, and those which border on Hunti
shire. Hence it is sometimes called fen clay. Where it
enters Lincolnshire on the north, it forms a very narrow tract,
not more than three miles across. But in the southern part of
that county it is a good deal broader, not less than 15 miles,
which may be considered as its maximum breadth in England.

A line drawn from Peterborough to Bedford, Buckingham,
and Bicester, nearly marks its junction with the subjacent
oolite; and another from Huntingdon to Oxford, its superior
junction. At Huntingdon its breadth is about 12 miles, and
between Bedford and Oxford it is not more, on an average,
than 5. 'West from Oxford it ranges along the valley of the
Isis, as far as Cricklade. Thence bending on the east of
Malmesbury, it traverses Wilts in a southern direction, follow-
ing the course of the Avon past Chippenham to Melksam, It
passes on, sometimes disappearing, and ﬁnally reaches the ses
near Weymouth.

Throughout the whole of its course it is very low, though
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occasionally it rises into moderate heights, as near Bucking-
ham and Bedford. Its average thickness is certainly not less
than 500 feet.

In general it forms a poor soil, except when covered by
white clay or chalk breccia, The vale from Melbury to
Shaftesbury, in Dorsetshire, is famous as a butter country.

Bones of the Ichthyosaurus occur in Oxford clay ; but they
are rare, and of a different species from those in the lias, It

" contains also

Ammonites, 3 species Patella,
Nautili, Ostrea,
Belemnites, Gryphza,
Rostellaria, Perna.
Serpula,

The petrifactions in the Kelloway rock are
Ammonites, 3 species, Gryphza incurva,
Nautili, Pecten fibrosus,
Belemnites, Plagiostoma obscura,
Rostellaria, Avicula inequivalvis,

. Cardita deltoidea, Terebratula ornithocephala.
Chama digitata,

8. Lower oolitic system.

This is by far the thickest and most extensive of the three.
The beds are very numerous, and many of them have been
distinguished by peculiar names; but, as most of these are
only subordinate to the great oolitic stratum, we may without
impropriety subdivide it, as we have done the other two sys-
tems, into three great deposits. These are

1. Great oolite.
2. Calcareous siliceous sand.
3. Lias.

1. Great oolite. This name has been imposed by the
English geologists, because the chain of hills formed of it
may be considered as composed of one great oolitic mass,
resting upon the calcareo-siliceous beds below it; but on a
more minute examination it will be found, that the upper
part of this great oolitic mass presents strata sufficiently dis-
tinct to entitle them to a separate description. These, in-
stead of rising in thick masses, are generally fissile or rubbly,
are much mingled with clay, forming as it were the link be-
tween the pure oolite and the Oxford clay above it. Instead
of the yellowish tinge of the oolite, they have generally a blue
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colour, or in some beds a pasty appearance, and a dead whit
colour not unlike chalk. It is impossible to trace any genen
division among these upper beds, which will apply to thes
in every part of the course of the great oolite. ~They appen
rather as accidental varieties of this great formation. In som
instances, indeed, the precipitates of argillaceous and calcareou
matter appear to have followed each other alternately, at sf
ficient intervals to allow the formation of tolerably thick bed
of either kind, which may be traced over pretty considerabk
tracts. This regularity is most distinguishable in the neigh
bourhood of Bath, and through an extensive tract in tk
neighbouring counties of Gloucester, Somerset and Wil
Some idea may be formed of this part of the country by the
following section in the neighbourhood of Tellisford and Far
ley Castle, ten miles south of Bath, beginning with the highes

1. Cornbrash, . . . 8 feet to 16 feet

2. Clay, . . . 8 14

8. Calcareo-siliceous sandstone, 40 10

4. Forest Marble, . . 18

5. Sand, . . . . 2

6. Clay, . . . . 2 60

7. Great oolite, . . . 130
250

Let us take a view of the most important of these beds,
some of which are of considerable importance.

(1.) The cornbrash is a loose rubbly limestone, of a grey
or bluish colour; itrisesin flattish masses, rarely more thansix
inches thick. The beds belonging to this stratum in Oxford-
shire are often of a pasty or chalky consistence and colour. I
Wiltshire it is known by the name of Cornbrash or Coragri
At Malmsbury, where it is thick and solid, it is much quarriel
for building. In other places it is fit only for burning it
lime, and for mending the roads.

The upper beds of stone which compose this rock, contain
fossils materially different from those in the undermost beds
The clusters of small oystershells and the stems of the pent
crinus lie near together, and not many others are found nest
the bottom of the rock.

(6.) The clay bed lying over the great oolite is usually
called Bradford clay by the English geologists, because it
hest seen at Bradford upon the North Avon, a few miles east
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from Bath. It consists of a fine blue marly clay which, at
the point of its contact with the great oolite, is replete with
the remains of the pear encrinus, with many small coralloids,
and several peculiar terebratule.

(8, 4, 5.) The 3d, 4th, and 5th beds are so intimately asso-
ciated that they require to be described together. This assem-
blage consists of beds of limestone, generally fissile, and divided
- by argillaceous partings lying between two beds of calcareo-
siliceous sand and gritstone. The undermost bed of sand is
usually insignificant, though it sometimes swells into great
thickness and importance. These sandy strata appear to
contain about one-third of calcareous matter. The gritstone
found in them is hard enough to scratch glass, and forms irre-
gular slate-like concretions.

The limestone lying between these sands is called Forest
marble. Its beds, generally speaking, are thin and slaty.
Sometimes, however, beds of two or three feet thick may be
found. The colour of the stone is generally gray or bluish,
externally brownish, appearing on examination to be fre-
quently composed of a congeries of dark-coloured shells inter-
spersed with white oolitic particles. Bivalve shells are most
commeon in the thick beds, and univalves in the thin. Decom-
posed pyritical wood often gives a partial redness, and some
of the joints have a reddish tinge. The texture of the stone
is coarse-grained—the structure of its masses fissile ; whence,
coarse roofing slates and flag-stones are in general use in the
villages on the course of this rock. The more solid beds have
been occasionally worked as a coarse marble, being susceptible
of a tolerable polish, and variegated by the contour of its im-
bedded shells. From this circumstance, and the occurrence
of these strata in Whichwood forest, Oxfordshire, it has de-
rived its name.

The partings of the clay between the beds of this rock vary
in thickness, from less than an inch to more than a foot.

The calcareous slate of Stonefield near Woodstock, Oxford-
shire, belongs to the same part of the series as the forest
marble. This slate is exceedingly remarkable for the singular
variety of its organic remains, among which the spoils of birds,
land animals and amphibia, occur mingled with vegetables and
sea shells. The assemblage of beds worked at Stonefield,
consists of two fissile strata of a buff-coloured or gray oolitic
limestone called pendle, each about two feet thick, separated
by a bed of loose calcareo-siliceous sandstone, called race,
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about the same thickness. Concretions are frequent in the
race, which are called whimstones or potlids. They are par-
tially oolitic, sometimes blue in the centre, and vary from six
inches to two feet in diameter. Their form is generally that
of a flattened sphere. They do not break concentrically, but
into parallel planes, and they often contain shells.

The pendle, after being quarried, is suffered to lie exposed
to a winter’s frost, and the blocks being then struck on the edge
with a mallet, freely separate into slates sufficiently thin to
afford a light material for roofing. The quarries are prind-
pally situated in the valley immediately on the south of Stone-
field village, which branches off eastwards from that of Evan-
lode.

In the Forest marble, though its various beds are composed
of little else than a mass of shells, loose and whole specimens
- are rare, and are extracted with considerable difficulty. A
few, however, are occasionally found in the clay between the
layers of stone. Bones, teeth and wood, firmly imbedded in
the rock, are some of its most characteristic indications. The
following shells are stated by Conybeare to have been found
either in the forest marble or the Stonefield slate :—

Nautilus, Trigonia costata,

A fusiform belemnite, Mya,

Patella rugosa, Venus?

Turritella, Ostrea cristagalli,
Rostellaria, Pecten fibrosus, and an-
Ancilla, other species.
Serpula,

The fossil remains in the Stonefield slate are particularly
deserving of attention. It constitutes the oldest rock in
which the remains of land animals and birds occur. They
consist of

An animal of the opossum Megalosaurus,
tribe, Ichthyosaurus,
Crocodile, Plesiosaurus,

The genus to which the birds belong has not been deter-
mined.

(7.) Great oolite. This bed, both in point of thickness and
utility, is by far the most important of the British oolites. It
cousists of a stratified calcareous mass, varying in thickness
from 130 to more than 200 feet. Softer and harder beds
alternate in this mass of strata. The former affords the free-
stone employed for building, which renders the rock so valu-
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able. These strata vary much both in thickness and quality,
even in neighbouring quarries.

The Kettering freestone of Northamptonshire is rendered
extremely beautiful by the distinctness of its oolitic structure.
* That of Bath has generally a finer grain; it has been em-
ployed in the late repairs of Henry VIL’s Chapel, Westmin-
ster. St. Paul’s was built principally from quarries about a
mile north of Burford in Oxfordshire.

Fragments of comminuted shells may be observed in all
the varieties mingled with the ova, but so completely broken
- down that it is generally impossible to make out the species.
This is the reason why we are so imperfectly acquainted with
the fossils belonging to this rock.

The colour of the freestone beds is generally white, with a
shade of yellow. Of the other beds some are grey, and some
almost blue in the middle. Sometimes, also, beds of a brown
rusty colour are interspersed, especially at the bottom of the
geries, near its junction with the fuller’s earth. The free-
stone occurs in thickly bedded masses, which, if traced to a
distance, will be often found to thin out. Many of the other
beds exhibit a laminated cleavage not parallel to the greater
lines of the stratification, for which they have sometimes been
mistaken, and described as highly mclmed beds alternating
with horizontal ones.

The fossil shells in the great oolite are in general so shat-
tered, that it is next to impossible to determine even the
genus to which they belong. The only genera mentioned
are ill-defined casts which have some resemblance to

Turbo, Ostrea,
Melania, Pecten,
Ancilla, Terebratula,
Serpula, - Plagiostoma.

2. Calcareo-siliceous sand. 'This sandy deposit may be said
to form the most universal and characteristic feature of this’
series; the sands pass almost insensibly by mixture of various
loamy and marly beds towards their lower limit into the argil-
laceous formation which covers the lias; and towards their
upper limit by an increase of calcareous matter into the lower
oolitic beds. Between this lower oolite and the great oolite
(also belonging to the lowest system), a thick calcareo-argil-
laceous formation, carrying beds of fuller’s earth, and some-
- times also beds of coarse oolite, is interposed, often forming a
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very conspicuous division in this part of the series; though
is frequently wanting altogether.

In the neighbourhood of Bath, the thickness of this calcar:
siliceous formation is about 220 feet. It consists of the:
following beds, beginning with the uppermost.

Thickness.
1. Calcareous sand, . . 50 4 feet.
2. Inferior oolite, . . . 30

3. Bastard fuller’s earth, . 100 4
4. Good fuller’s earth, . . 8
5. Blue clay, . . . 15
6. Yellow clay, . . . 15

The remains of vertebral animals are very rare in the
beds. A series of vertebrse were discovered in the ma
sandstone of Warkworth, Northamptonshire. They probal
belonged to some saurian animal, but were dispersed withc
having been determined, and none of them have been recoven
Fragments of the crab and lobster families have been d
covered at Dundry, and in the north of Oxfordshire.

The distribution of organic remains is thus stated by Tow
end: —“The lowest bed is distinguished by its abundant casts
ribbed and studded Trigonie ; immediately over this is a ha
compact coral bed, containing large specimens of Madrepc
cinerascens: then succeeds the superior bed,abundantly charg
with shells, both univalves and bivalves. Among these are
Ammonites, 19 species  Carditee, . 4 species

Nautili, 3 Lutrariee, 3
Belemnites, 3 Astartes, 4
Trochi, .12 Unios, 2
Nerita, 1 Myas, 2
Cirrhi, 2 Fistularia, . 1
Planorbis, 1 Mytilus, 1
Melaniz, 2 Modiole, 2
Turbo, 1 Donax, 1
Rostellariz, 3 Pinna, . 1
Thurritelle, 8 Terebratulee, 11
Ampullarie, 3 Ostrese, 6
Serpula, 1 Pectines, 4
Trigoniee, 4 Limee, 2
Arca ? 1 Avicula, 1
Cuculleea, 1 Perna, . 1
Nucula? 1 Plagiostomata, 8
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These beds present a considerable number of species be-
longing to the family of echini. They are enumerated by
Conybeare in the Outlines of the Geology of England and
Wales. -~ S '

8. Lias. The lowest bed of all, upon which the whole
oolitic formation rests, is called Zas limestone, I do not know
for what reason. The lias, taken as a whole, may rather be
described as consisting of thick argillaceous deposits inter-
mixed with limestone, than as an argillaceous limestone ;
the upper portion of these deposits forming about two-thirds
of their total depth, consists of beds of a deep blue marl, con-
taining only a few irregular and rubbly limestone beds. In
the lower portion the limestone beds increase in frequency,
and assume the peculiar aspect which characterizes the lias,
presenting a series of thin stony beds, separated by thin

_argillaceous partings, so that quarries of this rock at a distance
assume a striped and ribbonlike appearance. In the lower
beds the argillaceous partings become very slight, or almost

' disappear. Beds of blue marl with irregular calcareous masses
generally separate these strata from the red marl belonging to
the new red sandstone, which lies immediately below. Some-
times as many as 40 alternating beds of clay, marl and stone,
may be reckoned, constituting a thickness (in the neighbour-
hood of Bath) of about 282 feet. In the midland and north
eastern counties the thickness is about twice as great.

The lias limestone has a dull earthy aspect and a large con-
choidal fracture. In colour, it varies in different beds from
- light slate blue or smoke grey to white, the former varieties
“usually constituting the upper, the latter the lower portions

of the formation. When purest, it contains about 90 per cent.
of carbonate of lime, and ten per cent. of clay; the blue lias
makes a strong lime, distinguished by its property of setting
under water ; the white lias takes a high polish, and may be
employed for the purposes of lithography, but we must distin-
guish it from the stone generally used for that purpése, which
is brought from the quarries of Solenhofen, and is a much
more recent formation.

The slate clay with which the lias alternates, is grey, brown,
or black, is frequently bituminous, and often divides into
laminz as thin as common pasteboard. In the lias no fewer
than 36 species of fossil plants have been discovered. Of
these, 12 species are cryptogamous plants; namely,

K
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" 2 equisetums,
9 filices,
1 lycopodites.

28 species belong to cycadez, and 1 species is a zosterites,

It is in the lias beds that the bones of the two extinct spe-
cies of lizard, the ichthyosaurus and plesiosaurus, occur.

Bones and palates of the turtle have been found in the liss
beds. Several species of fish have been also met with, whick
bave been referred to the genera sparus and chatodon ; but
probably they belong to fish unknown in a recent state; the
radius of a species of balista is of common occurrence.

The leech-like palate tritores of some species of fish, and
teeth in form resembling those of the shark, are occasionally
found.

Several species of crab, and a species of monoculus, or limulu
of Lamark, are also found.

The following are the shells enumerated by Conybeare :—

Ammonites 20 species.

The Ammonites having the siphuncle in an elevated ridge
between two furrows, are characteristic of this formation.
These are

Ammonites stellaris, Tornatilla, 1
— ‘Waleotii, Melania, . . i
e Brookii, Modiola, . . 4
~——————— Bucklandi, Unio, . . 2
~—————- Conybeari, . Terebratula, . 8
Nautili, 3 species, Spirifer or Pentamerus, 1
Scaphites equales, Gryphea, . 2
Belemnites, many species, Pecten,

Helicina, . 38species  Plagiostoma, . 2
Trochus, . 3 Lima, &c. . . 1

The characteristic shells of this formation are the Ammo-
nites Bucklandi, Gryphea incurva and plagiostoma gigantes.

The lias formation stretches across from the coast of the
German Ocean in Yorkshire to that of the channel in Dor
setshire. On the east coast it may be traced from the Peak
alum . works south of Whitby, nearly to the Teesmouth
Turning southward from the Tees it passes York on the east,
and crosses the Humber a little eastwards of the junction of
the Trent and Ouse, stretching onwards to the Woldhills, on
the borders of Nottingham and Leicester, and the celebrated
quarries of Barton-upon-Soar, whence it continues through
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* the counties of Nottingham, Warwick, and Gloucester; its
whole course along this extensive line, to a few miles south of
Gloucester, is remarkably regular, presenting an average
breadth of about 6 miles, bounded on the south-west by the
oolites and on the north-west by the red marl, but beyond
that point its course becomes much more intricate ; for while
its eastern limit_still continues to occupy the oolitic range
through Somersetshire to the coast in Dorset, its western limit
becomes very irregular, feathering in and out among the coal
fields which occur towards the estuary of the Severn and the
upper part of the Bristol channel in Gloucestershire, Somer.
setshire, Monmouthshire and Glamorganshire, and attended
by numerous outlying masses; these intricacies, however, have
been minutely traced and explained by the English geologists.

The alum slate at Whitby constitutes a bed in the lias.
Over this alum slate lies a bed of hard compact stone from six
to twelve feet thick. The workmen call it dogger, a name by
which they also designate the septaria or cement-stone, and the
component parts of both appear to be nearly the same ; the
whole of the upper part of the alum slate resembles indurated
clay when first worked, but by exposure to the atmosphere
it suffers decomposition and crumbles into thin layers; the
colour of the slate is bluish grey, it varies in hardness and
abounds in pyrites. When a quantity of it is laid in a heap
and moistened, it takes fire of itself and continues to burn tlll
the whole combustible portion is consumed.

The coal beds which occur in the neighbourhood of Wlntby
lie over the lias formation, and consequently are situated in
the undermost oolitic system. The Brora coal field on the
east coast of Sutherland in the north of Scotland, is similarly
situated. It forms part of the deposits which, on the south-
east coast of Sutherlandshire, occupy a tract of about twenty
miles in length, from the Ord of Caithness to Golspie. Its
breadth does not exceed three miles; it is divided into the
three valleys of Brora, Loth and Navidale, by the successive
advance to the coast of portions of the adjoining mountain
range, which bounds them on the west and north-west. The
first of these valleys is flanked on the south-west by hills of
red conglomerate, which pass inland on the north-east of loch
Brora, and give place to an unstratified granite, which forms

. the remainder of the mountain boundary. :

The highest beds at Brora consist of a white quartzose
sandstone, partially overlaid by a fissile limestone, conteining
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many fossils, the greater number of which have been identified
with those of the calcareous grit, below the coral rag, show-
ing clearly that the coal beds are situated lower down in the
series than the coral rag, which constitutes the uppermost part
of the middle oolitic system. The next bed consists of shale,
with the fossils of the Oxford clay, which is the lowest stratum
of the middle oolite, overlying a limestone resembling cors-
brash and forest marble, which constitute the upper portion of
the lowest oolitic system,

To these succeed sandstone and shale, containing belemnites
and ammonites, through which the shaft of the present cul
pit is sunk to the depth of near 80 yards below the level of
the river Brora.

The principal bed of coal is three feet five inches in thick-
ness, and the roof is a sandy calcareous mixture of fossil shells
and a compressed assemblage of leaves and stems of plants,
passing into the coal itself. The plant of which the Bror
coal appears to have been formed, is identical with one of the
most characteristic vegetables of the Yorkshire coast, but diffen
essentially from any of the plants found in the coal measures
situated below the new red sandstone.

The base of the entire series is seen at low water near the
north and south sutors of Cromarty, where the lias, with
some of its characteristic fossils, may be seen resting on the
sandstone of the red conglomerate.

There are two beds of coal at Brora, the highest of which
crops out on the sea-shore. It began to be worked in 1598,
and has been since frequently abandoned and again resumed
Mr. Williams, the well-known author of the Mineral Keéngdom,
took a lease of it in 1764, and worked it unsuccessfully il
1769, when he resigned his lease to Messrs. Robertson and
"Co., of Portsoy.

The second, or lowest bed which is worked at present, is
three feet ten inches thick; but it has a pyrites band in the
centre about eight inches thick. This was the origin of the
bad character which the Brora coal acquired, and of its sup-
posed liability to spontaneous combustion. It was pointed
‘out and its bad effects obviated by Mr. Beaumont of Lime-
kilns, in 1776, when he was employed to survey the country.

In 1810, Mr. Hughes, from Flintshire, was employed by
the Marquis of Stafford to examine the field and open a new
pit near Brora. In 1824, the coal raised annually was about
10,000 tons, of which about 6,000 were consumed on. the spot
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in' a salt work, which yielded about 300 bushels of salt weekly.
The remaining 4,000 tons were consumed in the country.

On the north-west coast of Scotland several members of the
oolitic series were recognised by Dr. Macculloch in the isles
of Skye, Pabba, Scalpa, Mull, &c., and his observations have
been confirmed and extended by Mr. Murchison.

In France, the great oolitic series appears in Normandy,
occupying a considerable portion of the department of Calva-
dos, and extending from the west bank of the mouth of the
Seine, or a little west of that as far as Carenton, so that the
cities of Caen and Bayeux are situated in it. The same for-
mation constitutes the lower part of the range of Mount Jura.
Hence the reason why on the continent the term Jura lime-
stone is usually substituted for oolite.

It occurs also in great force in the north of Germany,
though it would be rather hazardous to venture to assign
English names to the German terms. The Muschelkalk is a
formation in the upper part of the new red sandstone, which is
wanting in Great Britain. Whether the duntsandstein of the
north of Germany, with its equivalent, Keuper, in the south,
belong to the new red sandstone or oolite is not so clear.
The keuper occurs near Heidelberg in considerable quan-
tity, and seems to lie under the lias;* and Brongniart con-
siders it as constituting a formation immediately under the
lias,

The uppermost keuper beds consist of fine-grained calcare-
ous sandstone, the undermost of marl. Thin beds of gypsum
are found in the marl. Beds of slate clay occur also in one
place under the marl. The following fossil plants have been
observed in the keuper:—

Equisetum arenaceum, the calamites arenaceus major of
Jaeger. _

Various leaves, &c., not yet made out.

The Mergelkalk of Boué, and the quadersandstein of Hum-
boldt, which occupies a large tract of country on the banks of
the Elbe above Dresden, and between Pirna, Schanden and
Konigstein; between Nuremberg and Weissenberg; at Staf-
felstein in Franconia; at Teufelsmauer at the foot of the
Hartz; the valley of the Mozelle, and the neighbourhood of
Luxemburg; in Lorrain at Vic; at Nalzen in the country of
Foy, and at Navarreins at the foot of the Pyrenees—belong,

* Sce Brown’s Gea Heidelbergensis, p. 145.
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I think, to the oolitic series, though some refer them to the
chalk.

In Britain, France and Germany, the oolite consists of
very nearly the same beds; but in Poland the mineralogical
structure seems to be altered. The undermost beds are
more or less white and marly. On this rests dolomite generally
of a dazzling whiteness, affording the forms so remarkable in
rocks of this nature, and composing the picturesque country
between Oldkusz and Cracow, and near Kromolow, Niego-
womie, &c., rising to the height of 1,400 feet above the
sea. The upper part of the Dolomite, from Oldkusz towards
Zarki, and especially near Wladowice, contains pisiform iron
ore. It there becomes mixed with a coarse sandstone. The
upper portion of the group is formed of grey and oolitic lime-
stones and calcareous conglomerate, and passes gradually into
the lower beds of the green sand formation. The rocks of |
the oolitic group rest unconformably on the coal measures
and muschelkalk of Poland. They have a general direction
N.N.W. and S.S.E. Trom Weilun they plunge beneath the
great plain of Poland, here and there appearing as islands
above it. The organic remains establish the identity of this
deposit with the oolitic series of other parts of Europe.*

There occurs, also, a series of equivalent deposits in the
Alps, the Carpathians and in Italy, with little or no resem-
blance to the oolite of this country. But the characters,
especially in the Alps, are so peculiar that the formations can
only be identified by means of organic remains; and there
occur such singular mixtures of these, that the determination
of particular deposits is far from certain. Instead of marls
clays, sands, and light-coloured limestones, we have dark-
coloured marbles, masses of crystalline dolomite, gypsum and
slates approaching to tale and mica slates.

What renders the investigation of the Alps still more diff-
cult, is the confusion into which the rocks have been thrown
by the power which elevated them. Whole mountain masses
have been thrown over, and the rocks really deposited the
latest occur beneath the older strata. These dark-coloured
rocks were referred by the Wernerians to the transition class,
and we are indebted to Dr. Buckland for first pointing out
their more recent origin. Since that time M. Elie de Beas-
mont has investigated these rocks in Savoy, Dauphiné, Pro-

* Pusch, Journal de Géologie, t. ii.
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vence and the maritime Alps. He showed that the beds
described by Brochant in his Memoir on the Tarentaise, and
which in many places contain masses of granular limestone
and micaceous quartz rock, as well as large masses of gypsum,
belong to the oolitic group.

In a notice on the geological position of the fossil plants
and graphite found at the Col de Chardonnet (Hautes Alps),
M. Elie de Beaumont observes, that as the traveller quits the
Bourg d’Oisans (Piedmont) and approaches the continuous
range of masses called primary, that extend from Mont Rosa
towards the mountains on the west of Coni, he will perceive
that the secondary rocks gradually lose their original character,
though certain distinguishing marks - may still be seen—thus
resembling a half burnt piece of wood, in which the ligneous
fibres may be traced far beyond the part which remains wood.
The vegetables found by M. Elie de Beaumont in these situa-
tions were examined by M, Ad. Brongniart, and many were
found by him to be the same as those which occur in the coal
measures, The following are the chief of these plants:—

Calamites Suckowii, Odontopteris obtusa,

— Cistii, Pecopteris polymorpha,
Lepidodendron, 2 species, —— pteroides,
Sigillaria, —————— arborescens,
Stigmaria,  — platyrachis,
Neuropteris gigantea, — . Beaumontii,

tenuifolia, ~———— Plukenetii ?
flexuosa, obtusa,

—— Soretii, Asterophyllites equisetiformis,
rotundifolia, Annularia brevifolia.

Odontopteris Brardii,

These vegetable remains are so’ far associated with belem-
nites, that the latter occur both above and below them ; so that
they must have existed both before and after the vegetable
deposits. The same series of beds is continued to Digne and
Sisteron, where they contain the characteristic fossils of the lias,

It would be impossible, without far exceeding the necessary
. limits of this work, to give a detailed account of all the Alpine
rocks which are referrible to the oolitic group. The reader
is referred to the various papers published on the subject by
Studer, Boué, Sedgwick, Murchison, Lill von Lillienbach,
Lusser, &. We refer also, for an excellent abridgment of
the present state of our knowledge of the oolite group, ta De
la Beche’s Manual of Geology, p. 311,
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CHAP. XI.
NEW RED SANDSTONE.

THais formation lies under the oolite and over the coal mes
sures, but in an unconformable position.” In England it be-
gins at the river Tyne at Tynemouth, and extends in a south-
westerly direction as far as Cheltenham, covering a consider-
able portion of the surface of the counties of Durham, York,
Nottingham, Stafford, Warwick, Cheshire and Shropshire.
The best description of it has been drawn up by Professs
Sedgwick of Cambridge.

It consists, in this country, of two distinct subordinate for-
mations ; namely, the new red sandstone, which is uppermost,
and the magnesian limestone, which is undermost. The
muschelkalkstein, which in Germany exists in the upper part
of this formation, has not yet been discovered in Great Bri-
tain. It occupies a great proportion of the north of Germany,
namely, Hanover and Westphalia. In South Germany it ex-
tends from Hanau to Stuttgard.

In the new red sandstone formation a considerable number
of petrifactions occur, both vegetable and animal; and, from
the researches of Mr. Sedgwick, it appears that they beara
closer resemblance to those found in the coal measures than
had been supposed.

The impressions of plants are chiefly observed in the sand-
stone beds. It is in the neighbourhood of Strasburg that
these fossil remains have been chiefly met with. We are in-

debted to M. Voltz for the description of 20 species of fossl |

plants, found in that vicinity. Of these, 3 are impressions of
equisetums, 6 of ferns, 5 of coniferous plants, 2 of liliaceous
plants, and 3 are monocotyledonous, but not referrible to any
known tribe. The vegetable remains at Lennel braes on the
Tweed, about two miles east from Coldstream, which have
been so ingeniously investigated by Mr. Witham, are usually
referred to the coal measures, though both the coal measures
and the new red sandstone occur at no great distance from
them.

In Germany, the beds which correspond with our magnesisn
limestone, have received the name of Rechstein. The mag-
nesian limestone does not abound in fossils ; but several shells,
all seemingly sea shells, have been found in that formation,
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especially in Hambleton hill, near Sunderland. It consists of
a porous limestone, containing many casts of shells and coral-
lines. 'The producta of Sowerby is conspicuous among these
casts. We find also a species of donaz, with hairlike spines,
and smooth-shelled bivalves, from the size of a pea, to that of
a cockle, resembling those of the genus donaz. Casts of arce

. and anomise are also met with. Impressions of a reticulated

marine production, resembling the genus flustra ; also encrini-
tes, and alcyonites; also casts of bivalves, resembling muscles,
and small round bodies, the nature of which has not been made
out,.

The red sandstone formation, taken in its most comprehensive
sense, consists of the following beds, beginning with the

uppermost :—

1. Variegated marl,

2. Muschelkalk,

3. Red or.variegated sandstone,

4. Zechstein, or magnesian limestone,

5. Red conglomerate, the Todtliegende of the German
geologists.
. 1. The variegated marls are very conspicuous in the district
of the Vosges, and have been minutely described by Elie de
Beaumont. They may be seen likewise on the southern coast
of England. In the Vosges, they commence beneath the lias
sandstone, into which they gradually pass. The upper part of
these marls has a green colour, and presents thin beds of black
slate clay, and of quartzose sandstone, nearly without cement.
This last passes gradually into the lias sandstone. In the
environs of St. Leger-sur-Dheune, and at Autun, these depo-
8its cannot be separated from the lias sandstone, constituting,
in fact, only one deposit with it. This is the case also in the
arkose of Burgundy. In the Vosges, the variegated marls are
usually marked with different colours; the principal of which
are, wine red, and greenish or bluish grey. They break into
fragments, which have nothing of a slaty structure. In the
central portions of them, there are beds of black slaty clay,
bluish-grey sandstone, and greyish or yellowish magnesian
limestone. The sandstone and clay contains vegetable im-
pressions, and even coal. Masses of rock salt occur in the
lower part of these marls; and masses of gypsum are found in
the upper and lower portions, but principally in the latter.
. These variegated marls, according to M. Dufresnoy, crown
the red sandstone rocks in the south of France. Mr. De
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la Beche is of opinion, that the upper part of the red sandstone
deposit in England corresponds in its mineralogical character
with the variegated marl of the Vosges. There is no appareat
transition of the lias into the red sandstone series in England
At the old Passage, near Bristol, there occurs a conglomerate,
composed of pieces of limestone, bones, teeth, and othe
remains of saurian animals and fish, with coprolites.* Tha
would seem to mark a period when comminuted depasits
ceased, and currents of water, sufficient to transport pebbles,
were in action. Between Lyme Regis and Sidmouth, o
the south coast of England, the upper part of the red sand-
stone series resembles very closely the variegated marls of
the Vosges. The following table exhibits a list of the
fossil vegetables found in this bed, as collected by M. Deh

Beche.*

Equisetum Meriani, Pterophyllum Meriani,
columnare, - Jageri,

Pecopterus Meriani, Calamites arenaceus ?

Teniopteris vittata, Filices Stuttgardiensus,

Pterophyllum longifolium, ~ lanceolatus.

The following amphibious animals have also been met with
in the variegated marls :—
Phytosaurus cylindricodon,  Ichthyosaurus,

cubicoden, Plesiosaurus.
Also,
Posidonia Keuperina, Ophiura,

Saxicava Blainvillii.

In Poland, between the oolite and muschelkalk, there is a
extensive deposit of sandstone, usually termed white sandstone,
from its colour. It is divisible into two portions, the upper
being formed of white sandstone, and the lower of alternations
of fine white marly sandstone, slaty sandstone, shale, and othet
slaty and dark-coloured rocks; the whole enclosing beds of coal,
from 3 to 25 inches thick. The white sandstone of the upper
part. alternates with thick beds of grey-blue marls, partly red,
and more rarely variegated. Beds of limestone are also found
in it. DBut the most valuable product is iron ore, which fur
nishes the largest amount of iron of any rock in Poland,
twenty-seven furnaces affording annually about 560,000 quin-
tals of metal. Lossils are rare in this deposit, except vegetable

* This name has been given to the supposed fossil fieces of quadrupeds,

found in caverns, &c.
+ Manual, p. 891.
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. remains. It seems to unite the characters of the lias sand-
i stones and variegated marls.*
i 2. Muschelkalk. This consists of a limestone, varying in its
I texture; but most commonly grey and compact. It is occa-
:sionally dolomitic, and passes into marls above and below-
When very compact, with numerous remains of the Encrinites
W 'mdﬁ)rmzs, (a very characteristic fossil,) it has much the
@appearance of the mountain limestone of England. It is
§Wmet.lmes so hard, that it is employed as marble. For
. example, at Lpinal, in the Vosges. In some situations,
x Organic remains are very abundant in it, while in others they
= are rare. This formation does not occur in England, nor in
ti. the north of France. But it is found in the south and east of
g France, and in Germany, where it is interposed between the
* variegated marls, and the red or variegated sandstone. Ac-
, "eording to Pusch, it occurs in Poland, and is described as being
t grey and yellow. The following table exhibits the organio
remains in this formation :—¢

Flsh teeth,
Plesxosaurus,

» Ichthyosaurus,

Another saurus, genus not

- determined.
_Palinurus Sueurii,
" Nautilus bidorsatus,
i — nodosus,
ng Ammonites nodosus,

: — bipartitus,
& —— Henslowi?
¢ e———— latus
EE'. ]
i —— subnodosus,
; Buccinum obsoletum,
‘Turritella terebralis,
. Dentalites torquatus,
lsvis,
Terebratula perovalis,
sufflata,
vulgaris,
orbiculata,
. Trigonia vulgaris,

TS G MR TR

LSRN

rp v et

Gailliordoti.

# Pusch, Jour. de Géologie, tom. ii.

Trigonia pes-anseris,
Mytilus eduliformis,
Avicula socialis,
Myacites musculoides,
— intermedius,
— elongatus,

— ventricosus,
Pecten reticulatus,
Ostrea sphondyloides,
Cardiom striatum,
Plagiostoma lineatum,
rigidum,
levigatum,
— punctatum,
Serpula valvata,
~——— colubrina,
Encrinites moniliformis,
- epithonius,

—

Oet—

~ Ophiura prisca,

loricata,
Asterias obtusa,
Astrea pediculata.

The only vegetable impression is that of the neuropteris

4 From De la Beche’s Manual, p. 398.
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3. Red or variegated sandstone. This stone is most com-
monly red, but is found also white, blue, and green. Iti
principally siliceous and argillaceous, sometimes containing
mica, masses of gypsum, and rock salt. In the neighbourhou
of Glasgow, it is characterized by numerous circular spots
a white colour, seemingly composed of indurated clay. h
the Vosges, the upper part of the variegated sandstone presents
thin beds of marly limestone and dolomite, which gradually
becomes more abundant, so that finally they constitute the
lower part of the muschelkalk. An oolitic and calcareo-mag-
nesian rock is found in it, in some parts of Germany.

What is called gres de Vosges, is considered by Voltz »
belonging to the variegated sandstone; while Elie de Beanmost
thinks it belongs to a lower part of the new red sandstom
series, It is composed of amorphous grains of quartz, com
monly covered with a thin coating of peroxide of iron, among
which are discovered fragments of felspar crystals. Itis ofte
marked by cross and diagonal laminz, so common in sandston
rocks. It contains quartz pebbles, sometimes in such abue
dance, as to represent a conglomerate with an arenaceom
cement.

The variegated sandstone affords frequently a good building
stone, and when nearly free from colour, it has a handsome
appearance. There is a quarry of it some miles west from
Dundee, upon the Firth of Tay, which has a brownish-white
colour, and which constitutes a very durable stone. It is ofit
that the numerous new streets, at present rising in Dundee,
are built. Quarries of it also exist behind Helensburgh,s
village opposite to Greenock, on the Firth of Clyde, the stones
from which are employed in building that village. The grousd
rises behind Helensburgh for about a mile, and reaches =
elevation of at least 200 feet. It then slopes gently towards
Lochlomond, distant about 8 miles. The surface of this ele-
vated valley is pretty smooth, and, where it is not covered with
moss, consists of a white arenaceous clay, quite filled with
water-worn pebbles of all sizes, from a grain of sand to sevend
tons. By far the greater number of these fragments are clay
slate, of which the neighbouring mountains are composed ; bst
pebbles of quartz, granite, greenstone, and even of sandstone,
are also frequently observed. Below this alluvial soil, the
whole country is composed of beds of sandstone, of variow
colours, sometimes white, sometimes yellow, and often red, @
brownish red. The sandstone consists chiefly of fragments o
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either white or coloured. Sometimes the quartz grains
arge as to constitute a conglomerate. The beds dip
the south-east. The sandstone beds vary from 1 foot
t thick, and are separated from each other by thin beds
: blue-coloured slate clay. The beds on the south side
Tirth, at Greenock, and along the sea-shore, as far as
e, are composed also of new red sandstone: doubtless
hind Helensburgh are a continuation of the Renfrew-
ds.*

red sandstone of the Vosges contains, according to M.
he following shells :—

itula, Turritella Schoteri,
;oma lineatum, Mytilus eduliformis,
—— striatum, Myacites elongatus,
a, - musculoides.

\d. Brongniart enumerates the following fossil plants
t this formation at Sulz-les-Bains :—

es arenarius, Voltzia elegans,

— Mougeotii, rigida,

— remotus, acutifolia,

rteris Mougeotii, heterophylla,
teris Voltzii, Convallarites erecta,
—— elegans, nutans,
oteris Myriophyllum, Paleoxyris regularis,
—— palmetta, Echinostachys oblongus,

i scolopendroides, Zthophyllum stipulare.
brevifolia,
chstein. 'This name was applied by Humboldt to
ish a limestone series of a very variable character, to
-arious names were given, the term zechstein being
to only one of the varieties. The various beds of it
stinguished by the German miners, by the names of
friable marl ), stinkstein (fetid limestone ), rauchwacke,
1y, and kupferschiefer (copper slate). This lowest
being worked for the copper which it contains in
ld, Thuringia, Franconia, and the Hartz. The mean
sandstone lies immediately over the primary clay slate of the
‘hood. It is therefore usually considered as old red sandstone ;
e been unable to trace any interposing beds between them and the
- which, near Glasgow, evidently lies over the coal ; and, therefore,

onsidered as new red sandstone.  Fine sections of it may be seen
rders of the Gare Loch, between the village of Helensburgh and
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thickness of the copper slate in these countries is abouta foot
The zechstein varies from 20 to 3¢ yards thick ; the rauch
wacke, when pure and compact, one yard thick, when celluls,
sometimes fifteen or sixteen yards thick. ‘The stinkstein
varies in thickness from one to thirty yards, and that of the
asche is very variable.

The magnesian limestone of the north of England, whid
is the equivalent of the German zechstein, consists, according
to Professor Sedgwick, of the following subordinate beds:—

1. Marl slate and compact limestone, or compact and shelly
limestone and variegated marls,

2. Yellow magnesian limestone.

8. Red marl and gypsum.

4. Thin bedded limestone.

No. 1, he considers as the equivalent for the kupferschiefe
and zechstein, and Nos. 2, 3, and 4, to the rauchwacke, aschy
and stinkstein, of Thuringia.

For the organic remains in zechstein and copper slate, »
refer the reader to the catalogue given by De la Beche.*

5. Red conglomerate. The name todtliegende is givenly
the Germans to a series of red conglomerates and sandstons,
which occur between the zechstein and the coal measures. h
Thuringia, the term is applied to those beds that lie imme
diately under the copper slate. It is for the most part a coe
glomerate formed from the partial destruction of those rods
on which it rests, the fragments being sometimes angulars
well as rolled, and of considerable size.

In England, the magnesian limestone begins at Tynemout),
and extends with little or no interval, as far as Nottingham, «
about 147 miles. During this extent, it assumes a great variety
of appearances, and perhaps even varies in its compositia
In the neighbourhood of Sunderland it constitutes low hill,
which are quarried in several places, and being converted inb
lime, is carried in great quantities to the north-east coastd
Scotland, where it is used as a manure. It is a moderately
compact limestone of a yellow colour, and is composed of

1 atom carbonate of lime, . . 625 or 5435
1 atom carbonate of magnesia, . 5°25 or 4565

100-00
The surface of this magnesian limestone is in many placs

# Manual, p. 398,
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covered with a poor herbage, uncommon to limestone. This
has been ascribed to the magnesia contained in it, which is
known to be unfavourable to vegetation.

At Sunderland, the thickness of the magnesian limestone in

! some places, is at least 600 feet. To the south of Notting-
. ham it may be seen, not far from the slates of Charnwood
forest, on the north and north-east border of the Ashby-de-la-
Zouch coalfield. Patches of it occur near Bristol: indeed the
rock on which Lord de Clifford’s house (west of Clifton)
- gtands, is a magnesian limestone.

The magnesian limestone lies immediately over the con-
glomerate or sandstone bed, which covers the coal measures
in an unconformable position. This may be distinctly seen
at Cullercoats in Northumberland, near Tynemouth, at the

. western extremity of its northern boundary. It overlies the

* 90 fathom dyke, which appears between the strata of coal in

'- 'nearly a vertical position. 'This dyke passes through the coal
& measures, but not the magnesnan limestone. Thus, it is evi-
* dent that the magnesian limestone was deposited not only
after the coal measures, but after the dyke had penetrated
the coal field.

The coal measures near Whitehaven, on the west coast,
may also be seen passing under the magnesian limestone of

- that district. According to Mr. Farey, the coal beds in
. Derbyshire extend under the magnesian limestone, and have
- been wrought under it at Bilborough and Nuthal, a few miles
" north-west of Nottingham. Coal has never been got at by
. penetrating through the magnesian limestone; but it has been
. often worked under that bed, and it is an ascertained fact,
. {though no good reason can be assigned for it) that the coal
covered by the magnesian limestone is of inferior quality.

The new red sandstone which lies over the magnesian
limestone, appears on the sea-shore a little to the north of the
Tees, in the county of Durham. It passes through the whole
county of York, and is broadest at the city of York, which is
situated in that formation. It becomes somewhat narrower in
Nottinghamshire. In Leicestershire it is very broad, includ-
ing most part of the counties of Warwick, Stafford, Shrop-
shire, and Cheshire. In the north of England, the new red
sandstone covers the valley of Carlisle, and runs south-east
into Westmoreland, and north-west into Dumfries-shire. It
appears again in Berwickshire on the north banks of the
Tweed. On the northern side of that county, it is interrupted
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by the great transition chain which runs from St. Abb’s Head
to Loch Ryan; but it appears again in East Lothian, and
continues till the coal measures terminate a little to the east of
Tranent and Salton.*

The greater part of the lowland portion of Perthshire,
namely Strathallan, Strathearn, Carse of Gowry, and part o
Strathmore, consist of red sandstone beds, which have nearly
a horizontal position, and in this respect form a remarkable
contrast to the position of the greywacke beds, on the emt
side of the Grampians. On this account, I have little doabt
that the whole of these red, or rather variegated, sandstones,
belong in reality to the new red series, though this is not the
general opinion of mineralogists. On the east side of Seot
land, these red sandstone beds proceed without interruptia
as far as Stonehaven in Kincardineshire, where the primary
rocks make their appearance a little beyond the river. There
are strong reasons for concluding, that the greatest part of the
County of Caithness, and the whole of the Orkneys, belong
to the same formation. That the sandstone round Invernes
belongs to the same formation is rendered probable by the
nodules of sulphate of strontian which occur in it.

The sandstone on the coast of Ayrshire, indeed, from
Greenock to Saltcoats, along the shore, and likewise in the
Cumbraes, and at least, a portion of that in the Islands of Bats
and Arran, is undoubtedly a part of the same formation. I
short, at least as great a proportion of Scotland as of Englasd
consists of this great formation. Thin beds of magnesian lime-
stone may be occasionally seen on the banks of the Tweed,
and also of gypsum ; but the beds of these rocks, which are s
thick in England and Germany, are entirely wanting in Scot- |
land. :

The fossil plants hitherto observed in the new red sandstone
formation, amount to 21 species. Of these 12 are cryptoge
mous; namely,

4 calamites, 8 filices.

Eight species are flowering plants; namely,
5 conifere, 1 echinostachys,
1 @thophyllum, 1 paleaxyris.

One species, a juglans, belongs to a recent plant.

* The sandstone of Berwickshire is sometimes referred to the old red
sandstone formation. But at Eccles quarry, beds of magnesian limestose
may be seen passing under it; and at Lennel braes, on the Tweed, i
seems to overlie the coal beds.
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CHAP. XIL

COAL MEASUR&S.

IMMEDIATELY under the new red sandstone formation lie the
coal measures, fortunately so abundant in Great Britain, as
they constitute the great source of our industry and wealth,
All the manufacturing districts in Great Britain, with a few
exceptions, which admit of an easy explanation, are situated
in the immediate vicinity of coal. Bristol, Coventry, Bir~
mingham, Swansea, Wolverhampton, the potteries, Notting-
ham, Sheffield, Manchester, Halifax, Leeds, Huddersfield,
Newecastle, Glasgow, are all situated in coal districts.

Coal fields occur usually in valleys or troughs, of greater or
smaller magnitude, and they extend to a considerable distance
all round, without any great alteration in the dip or pesition
of the various beds, except where they have been altered by
the interposition of dykes, or by slips, as they are called, that
is to say, by the elevation of one portion of a coal field and
the depression of another. A remarkable example of this
occurs in the Newcastle coal field. A little to the north of
Newecastle, there is a narrow dyke which runs west, and con-
sists of nothing but clay. It must have been formed by the
coal beds being separated at that particular line. Now, the
remarkable circumstance is, that the same beds occur on both
sides of the dyke, but the corresponding beds are 70 fathoms,
or 420 feet higher upon one side of the dyke than upon the
other. It is clear that the beds must have once been on a
level. By some unknown convulsion of nature, the whole
strata on one side, constituting a surface of many square miles,
must have been depressed or elevated 420 feet, while those
on the other side remained unaltered in their position,

No connexion can be traced between the different coal
fields. On that account, Werner gave to the coal measures
the name of the independent coal formation. Yet as similar
strata occur in all coal fields, there can be no doubt that they
were all depesited under similar circumstances, and at the same

riod of time.

A coal field co